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Nouveaux analogues optiquement purs de la camptothecine 
et leurs procedes de preparation 



La camptothecine est un compost naturel qui a 6t6 isol6 pour la premiere fois des feuilles 
et de l'6corce de la plante chinoise appelte camptotheca acuminata (voir Wall et ses 

5 collaborateurs, J. Amer. Chem. Soc. 88:3888 (1966)). La camptothecine est un compost 
pentacy clique constitue d f un fragment indolizino[l,2-b]quinol6ine fusionne avec une 
a-hydroxylactone k six chainons. Le carbone en position 20, qui porte le groupe 
a-hydroxy, est asymetrique et confere k la molecule un pouvoir rotatoire. La forme 
naturelle de la camptothecine possede la configuration absolue "S" au carbone 20 et 

10 r6pond k la formule suivante : 




La camptothecine presente une activite anti-proliferative dans plusieurs lignfes cellulaires 
cancSreuses, comprenant les lignees cellulaires de tumeurs humaines du colon, du 
poumon et du sein (Suffness, M. et collaborateurs : The Alkaloids Chemistry and 
15 Pharmacology, Bross, A., ed„ Vol. 25, p. 73 (Academic Press, 1985)). On suggfere 
que Tactivite anti-proliferative de la camptothecine est en relation avec son activite 
inhibitrice de la topoisomerase I de l'ADN. 

II avait ete indiqu6 que l'a-hydroxylactone etait une exigence absolue k la fois pour 
Tactivite in vivo et in vitro de la camptothecine (Camptothecins : New Anticancer 

20 Agents, Putmesil, M., et ses collaborateurs, ed., p. 27 (CRC Press, 1995) ; Wall, M. et 
ses collaborateurs, Cancer Res. 55:753 (1995); Hertzberg et ses collaborateurs, J. Med. 
Chem. 32:715 (1982) et Crow et ses collaborateurs, J. Med. Chem. 35:4160 (1992)). La 
demanderesse a par la suite mis au point une nouvelle classe d'analogues de la 
camptothecine, dans lesquels une j3-hydroxylactone remplace Ta-hydroxylactone 

25 naturelle de la camptothecine (cf . les demandes de brevet WO 97/00876, WO 98/28304 et 
WO 98/28305). 
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La presente demande a pour objet une nouvelle famille d'analogues /J-hydroxylactoniques 
de la carnptoth6cine de fonnule g6n6rale (I) d6crite plus loin. Elle a aussi pour objet des 
nouveaux analogues /J-hydroxylactoniques de la camptothecine dont l'activit6 biologique, 
exprim6e par exemple en termes de concentrations inhibitrices de la proliferation de 
colonies cellulaires tumorales, est, de fagon inattendue, superieure & Tactivit6 des 
composes dejk connus. Enfin, elle a pour objet les composes precedemment cites k titre 
de medicaments, leur utilisation pour fabriquer des medicaments ainsi que les 
compositions pharmaceutiques les contenant. 

L'invention concerne tout d'abord les composes de fonnule generate (I) 

o 




OH 



(I) 



dans laquelle 

Rl repr&ente un radical alkyle infigrieur ; 

R2, R3, R4 et R5 representent, independamment, H ou un atome halogene ; 

R$ represente H, un radical alkyle lineaire ou ramifi6 comptant de 1 & 12 

15 atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inferieur, 

hydroxy alkyle inferieur ou (CH2) m SiR7R8R9» ou encore un radical 
aryle, ou aryle alkyle inferieur, substitue ou non substitu6 sur le groupe 
aryle, dans lequel le substituant est un alkyle inf6rieur, un groupe 
hydroxy ou un atome halogfene ; 
20 R7, Rs et R9 representent, independamment, H ou un radical alkyle lineaire ou 

ramifie comptant de 1 a 6 atomes de carbone ; 

m est un nombre entier compris entre 0 et 6 ; 

etant entendu que lorsque R3 et R4 representent deux atomes de fluor ou deux atomes 
d'hydrogene, R6 ne repr6sente pas H ; 



25 ou les sels de ces derniers. 
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Par radical alkyle inferieur, on entend dans la presente demande un radical alkyle lindaire 
ou ramifte comptant de 1 k 6 atonies de carbone. Le terme cycloalkyle d^signe un cycle de 
3 a 7 carbones, comme par exemple les groupes cyclopropyle, cyclobutyle, cyclopentyle 
ou cyclohexyle. Le terme aryle designe un compos6 hydrocarbone mono-, di ou 

5 tricyclique avec au moins un cycle aromatique, chaque cycle contenant au maximum 7 
chamons, comme par exemple phenyle, naphtyle, anthracyle, biph&iyle ou indenyle . Le 
terme halo signifie chloro, bromo, iodo ou fluoro. Les termes cycloalkyle alkyle 
inferieur, hydroxy alkyle inferieur et aryle alkyle infSrieur font reference k des radicaux 
dans lesquels la chaine alkyle peut 6tre lineaire ou ramiftee et compter de 1 k 6 atomes de 

10 carbone. 

L'invention concerne en particulier les composes de fonnule g€n6rale (H) 




(ID 



dans laquelle 

Rl represente un radical alkyle inferieur ; 

15 R2, R3, R4 et R5 representent, independamment, H ou un atome halogfene ; 

R^ represente H t un radical alkyle linSaire ou ramifie comptant de 1 k 12 

atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inferieur, 
hydroxy alkyle inferieur, nitro ou (CH2) m SiR7R8R9> ou encore un 
radical aryle, ou aryle alkyle inferieur, substitu6 ou non substitu6 sur le 
20 groupe aryle, dans lequel le substituant est un alkyle inferieur, un 

groupe hydroxy ou un atome halogene ; 
R7, Rs et R9 representent, independamment, H ou un radical alkyle lineaire ou 

ramifte comptant de 1 k 6 atomes de carbone ; 
m est un nombre entier compris entre 0 et 6 ; 

25 etant entendu que lorsque R2 represente H, R6 represente un radical (CH2) m SiR7R8R9 
ou un radical alkyle lineaire ou ramifie comptant de 7 a 12 atomes de carbone ; 



ou les sels de ces derniers. 




L'invention concerne de fa9on plus particuliere les composes de formule generate (TTT) 




(HI) 



dans laquelle 

R\ represente un radical alkyle infSrieur ; 

R2, R3, R4 et R5 representent, ind6pendamment, Houun atome halog&ne ; 

R 6 repr&ente (CH 2 ) m SiR7R8R9 ; 

R7, R% et R9 representent, ind^pendamment, H ou un radical alkyle lin£aire ou 

ramifi6 comptant de 1 k 6 atomes de carbone ; 
m est un nombre entier compris entre 0 et 6 ; 

ou les sels de ces demiers. 



Des composes particulifcrement pr€fdr6s pour l'invention sont ceux pour lesquels Ri 
reprdsente un radical dthyle, ainsi que ceux pour lesquels R3 represente un atome 
halog&ne et en particulier un atome de fluor. 

L'invention concerne en particulier les composes suivants decrits dans les exemples : 

- (5tf)-5-dthyl-l l-fluoro-5-hydroxy-4,5 ,13,15-t6trahydro-lH,3H- 
ox^pinoIS'^'zejlindolizinotl^-fclquinolfiine-SJS-dione ; 

- (5/f)-5-6thyl-9-fluoro-5-hydroxy-4,5, 13,1 5-t&rahydro- IH^H- 
oxdpinoIS'^'^jTlindolizinotl^-^quinol^ine-SJS-dione ; 

- (5/?)-5-ethyl-8-fluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 1H,3H- 
oxfipinoP'^'^jTJindolizinotl^-fclquinoieine-SjlS-dione ; 

- (5/f)-12-benzyl-5^thyl-5-hydro^^ 

ox6pino[3^4^6,7]indoUzino[l,2-fc]qiiinol€ine-3,15-dione ; 

- (5Ry 1 2-butyl-5-6thyl-5-hydroxy-4,5, 13, 1 5-t6trahydro- lif,3/f- 
ox^pinotS'^'^^lindolizinoll^-^quinoleine-S.lS-dione ; 
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- (S^-SJl-di^thyl-S-hydroxy^^.lSJS-tetrahydro-l^Sff- 
ox^pinoIS'^^^JindolizinoIl^-^quinoleine-SjlS-dione ; 

- (5/0-5-6thyl-5-hydroxy-12-ph^ 
ox^pinotS'^^^lindolizinotl^-^lquinoleine-SJS-dione ; 

5 - (5R)- 1 2-cyclohexyl-5-ethyl-5-hydroxy-4,5, 13, 1 5-t<Strahydro- 1H,3H- 
ox^pinoP'^^.TJindolizinoEl ,2-Z?]quinol6ine-3,15-dione ; 

- (5/Q-5-6thyl-5-hydroxy-12^^ 

ox6pino[3\4':6,7]indolizino[ 1 ,2-&]quinol6ine-3, 1 5-dione ; 

- (5/0-10-chloro-5-&hyl-12-(2-fluoro^^ 

10 4,5, 13, 1 S-tetrahydro-l^SH-ox^pinotS'^zejlindolizinotl ,2-fc]quinoleine-3, 15- 



- (5/0-5-ethyl-9,10-difluoro-5-^ 

ox6pino^4':6,7]indolizino[l ,2-fc]quinol6ine-3, 15-dione ; 

- (5/J)-5-6thyl-9-fluoro-5-hydroxy- 1 2-ph<Snyl-4,5, 1 3, 1 5-t6trahydro- IH,3H- 
15 ox6pino[3\4':6,7]indolizino[ 1 ,2-fe]quinol6ine-3, 1 5-dione ; 

- (5/?)-12-butyl-5-6thyl-9,10-difluoro-5-hydroxy-4,5,13,15-t6^ 
ox6pino[3\4':6,7]indo!izino[l ,2-fc]quinoleine-3, 15-dione ; 

- (5/$-12-benzyl-5-<Sthyl-9J0-&^^^ 
ox^pinoIS'^^^Jindolizinotl ,2-^]quinol6ine-3, 15-dione ; 

20 - (5/0-5-6thyl-9,10-difluoro-5-^ ^ 
oxepinoIS'^'^^lindolizinofl^-^lquinoleine-SJS-dione ; 

- (5/?)-5 , 1 2-di6thyl-9, 10-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 1//,3//- 
ox6pino[3 , ,4 , :6,7]indolizino[l,2-Z?]quinoleine-3,15-dione ; 

- (5/?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5, 1 3, 1 5-tetrahydro- 
25 lH,3H-ox6pino[3\4^6,7]indolizino[l ,2-Z>]quinol6ine-3,15-dione ; 

- (5/?)-5-<Sthyl-9,l l-difluoro-5-hydroxy-4,5,13,15-t6trahydro-lif,37f- 
oxepinofS'^re^lindolizinoll ,2«fc]quinoleine-3, 15-dione ; 



dione ; 



• 



- (5/?)- 1 2-butyl-5-6thyl-9, 1 1 -difluoro-5-hy droxy-4,5, 13,1 5-t£trahy dro- 1H,3H- 
oxepino[3\4':6,7]indoUzino[l,2-fc]quinole^e-3, 15-dione ; 




- (5R)-5, 1 2-di6thyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 1/f ,3H- 
oxepino[3\4 , ^,7]indolizino[l,2-fc]qiiinoleine-3, 15-dione ; 

- (5/?)-5-ethyl-5-hydroxy- 1 2-propyl-4,5, 13, 15-tetrahydro- l/f,3H- 
oxepino[3\4 , :6,7]indoUzino[l,2-^]quinoleine-3, 15-dione ; 

- (5i?)-5-ethyl-5-hydroxy- 12-(2-trim6thylsilylethyl)-4,5, 1 3 , 1 5-tetrahydro- 1H ,37f- 
oxepino[3\4 , :6,7]indolizino[l ,2-fc]quinoleine-3, 15-dione ; 

- (5R)- 1 2-butyl-5-€thyl-9-fluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- IH^H- 
oxepinoP'^^.VJindolizinotl^-^lquinoleine-S^S-dione ; 

- (5/?)-5, 1 2-di6thyl-9-fluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 1 //,3/f- 
ox^pinoIS'^'^^lindolizinotl^-felquinoleine-S, 15-dione ; 

-(5/?)-5-ethyl-5-hydroxy- 12-isopentyl-4,5, 1 3, 15-tfitrahydro- l#,3H-ox6pino 
tS'^'rejlindolizinoIl^-fclquinol&ne-SJS-dione ; 

- (5/?)-5-6thyl-12-(4-fluorop 
[3',4':6,7]indolizino[ 1 ,2-fc]quinol6ine-3, 15-dione ; 

- (5R)- 1 2-(2,6-difluorophdnyl)-5-ethyl-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 1 H,3if-oxepino 
[S'^'^Jlindolizinot 1 ,2-fr]quinol6ine-3, 15-dione ; 

- (5tf)-12-(3,5-difluoroph6nyl)-5^ 
ox^pinoIS'^'^Jlindohzinotl^-fclquinol^ine-S, 15-dione ; 

- (5/?)-5-ethyl-5-hydroxy- 1 2-(3,4,5-trifluorophenyl)-4,5, 13,1 5-tetrahydro- 1//,3H- 
oxepino[3 , ,4 , :6,7]indohzino[l,2-fc]quinoleine-3,15-dione ; 

- (5/?)-5-6thyl-5-hydroxy-l 2-(2,4,6-trifluoroph£nyl)-4,5, 1 3, 15-t6trahydro-l//,3/f- 
oxepino[3\4':6,7]indolizino[l,2-fc]quinoteine-3, 15-dione ; 

- (5/?)-5-&hyl-5-hydroxy- 12-(2,3 ,5,6-tetrafluorophenyl)-4,5, 1 3 , 1 5-t6trahydro- 1H,3H- 
ox^pinoIS'^'ie^lindoUzinotl^-fclquinol^ine-SvlS-dione ; 

- (5/f)-5-6thyl-5-hydroxy-12-(2,3,4,5,6-pentafluoroph6nyl)-4,5,13,15-t6trahydro- 
li/,3/f-ox6pino[3\4 , :6,7]indolizino[l,2-i>]quinol6ine-3, 15-dione ; 

- (5fl)-5-ethyl-9-fluoro- 1 2-(4-fluoroph6nyl)-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 
!H,3/f-ox6pino[3\4 , :6,7]indolizino[l,2-fr]quinol6ine-3, 15-dione ; 
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- (5R)- 1 2-(2,6-difluorophenyl)-5-ethyl-9-fluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 
l//,3//-ox6pino[3\4':6,7]indolizino[ 1 ,2-fc]quinol6ine-3, 15-dione ; 

- (5#)-12-(3,5-difluorophenyl)-5-^ 

lH3H-ox6pino[3\4':6J]indolizino[l,2-fc]quinoleine-3,15-dione ; 

5 - (5/0-5-ethyl-9-fluoro-5-hycto^ 

l//^H-ox6pino[3\4 , :6J]indolizino[l,2-fc]quinol^ine-3,15-dione ; 

- (5/J)-5-ethyl-9-fluoro-5-hydroxy- 1 2-(2,4,6-trifluorophenyl)-4,5 ,13,1 5-tetrahy dro- 
li/^H-ox^pinofS^^JlindolizinoI 1 ,2-fe]quinoIeine-3, 15-dione ; 

- (5/f)-5-dthyl-9-fluoro-5-hydroxy- 1 2-(2,3,5,6-tetrafluorophenyl)-4,5, 1 3, 1 5-t6trahydro- 
10 li/.SH-oxdpinoP'^^JJindolizinoIl^-fclquinoldine-S, 15-dione ; 

- (5/?)-5-6thyl-9-fluoro-5-hydroxy- 1 2-(2,3,4,5,6-pentafluorophdnyl)- 
4,5 , 1 3 , 1 5-t6trahydro- l#,3i/-ox^ 

3, 15-dione ; 

- (5/0-5-&hyl-9,10-difluoro-12-(4-nuoro^ 

15 l^SH-oxdpinotS'^rejlindolizinotl^-^quinol^ine-S, 15-dione ; 

- (5K)-12-(2,6-difluorophenyl)-5^ 

lH^H-ox^pinoIS'^^JlindolizinoEl^-fclquinoleine-S, 15-dione ; 

- (5tf)-12-(3,5-difluoroph6nyl)-5^ 

l/Z^H-ox^pinotS'^^Jlindolizinof 1 ,2-fc]quinol£ine-3 , 1 5-dione ; 

20 -(5/J)-5-6thyl-9,10-difluoro 

t6trahydro-lH,3H-ox6pino[3\4 , :6,7]indolizino[l,2-fc]quinoleine-3,15-dione ; 

- (5/J)-5-&hyl-9, 10-difluoro-5-hydroxy-12-(2,4,6-trifluorophdnyl)- 

4,5, 1 3, 1 5-tetrahydro- ltf,3//-ox£pino[3\4':6,7]indolizino[ 1 ,2-fc]quinoleine- 
3, 15-dione ; 

25 - (5/?)-5-ethyl-9, 10-difluoro-5-hydroxy- 12-(2,3,5,6-tetrafluoroph6nyl)- 
4,5, 1 3, 1 5-tetrahydro- ^ 
3, 15-dione ; 



- (5/?)-5-ethyl-9,10-difluoro-5-hyd 

tetrahydro-l//,3/f-ox6pino[3\4':6,7]indolizino[l,2-Z?]quinol6ine-3, 15-dione ; 




- (5/?)-5-6thyl-9, 1 1-difluoro- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
lH,3//-ox6pino[3',4':6,7]indolizino[l,2-^]quinol6ine-3,15-dione ; 

- (5/?)- 1 2-(2,6-difluoroph6nyl)-5-6thyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 
1 ,3#-ox6pino[3',4':6,7]indolizino[ 1 ,2-&]quinol6ine-3, 1 5-dione ; 

-(5i?)-12-(3,5-difluoroph6nyl)-5-6thyl-9,ll-difluoro-5-hydroxy-4,5,13,15-t6trahydro- 
l//,3H-oxepino[3\4':6,7]indolizinb[ 1 ,2-2>]quinol6ine-3, 1 5-dione ; 

- (5/?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-(3,4,5-trifluorophenyl)- 
4,5J3,15-t6trahydro-lH,3/f-oxepino[3\4':6J]indolizino[l,2-^]quinol6ine- 
3,1 5-dione ; 

- (5fl)-5-6thyl-9,l l-difluoro-5-hydroxy-12-(2,4,6-trifluorophenyl)- 

4,5, 1 3 , 1 5-t€trahydro- 1 .S/f-oxepinop'.^ejJindolizinot 1 ,2-fc]quinoleme- 
3,1 5-dione ; 

- (5/?)-5-6thyl-9,l l-difluoro-5-hydroxy-12-(2,3,5,6-t6trafluoroph6nyl)- 
4,5,13,15-t6trahydro-lH,3H-ox6pino[3\4^6,7]indolizino[l,2-^]qiiinol6ine- 
3,15-dione ; 

-(5/J)-5-€thyl-9,ll-difluoro-5-hydroxy-12-(2,3,4,5,6-pentafluoroph6nyl)- 
4,5, 13, 15-t6trahydro- lff^/Z-oxepino^'^'tejilindolizinoCl ,2-fc]quinoleine- 
3,1 5-dione ; 

- (5/?)-5-6thyl-9-fluoro-5-hydroxy-12-propyl-4,5,13,15-t6trahydro-l/f,3H-ox6pino 
[3',4':6,7]indolizino[l ,2-fc]quinoleine-3, 1 5-dione ; 

-(5/J)-5-6thyl-9-fluoro-5-hydroxy-12-(3,3,3-trifluoropropyl)-4,5,13,15-t6trahydro- 
l#,3ff-oxepino[3',4':6,7]indolizino[ 1 ,2-fc]quinoleme-3, 1 5-dione ; 

-(5/f)-5-6thyl-9-fluoro-5-hydroxy-12-isopentyl-4,5,13,15-tetrahydro-lH,3/?-ox6pino 
[3\4':6,7]indolizino[l,2-fc]quinoleine-3,15-dione ; 

- (5/?)-5-&hyl-9-fluoro-5-hydroxy- 1 2-pentyl-4,5 ,13, 1 5-t6trahydro- 1 J/,3 Jf-ox6pino 
[3',4':6,7]indolizino[l,2-*]quinol6ine-3,l 5-dione ; 

- (5i?)-5-6thyl-9-fluoro-5-hydroxy- 1 2-phenethyl-4,5 ,13,1 5-t6trahydro- lH,3//-oxepino 
[3',4':6,7]indolizino[ 1 ,2-&]quinol6ine-3,l 5-dione ; 

-(5/?)-12-decyl-5-ethyl-9-fluoro-5-hy(iioxy-4,5,13,15-t6trahydro-lH,3H- 
oxepino[3\4':6,7]indolizino[l,2-&]quinoleine-3,15-dione ; 
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- (5/?)-12-(2-cyclohexyl6thyl)-5-ethyl-9-fluoro-5-hydroxy^,543;15-te^ 
IT/^H-oxepinoCS'^'^Jlindolizinofl^-fclquinoleine-SJS-dione ; 

- (5R)- 1 2^33-dim6thylbutyl)-5-ethyl-9-fluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
l/J,3//-oxepino[3 , ,4 , :6 ,7]indolizino[l ,2-fc]quinoleine-3, 15-dione ; 

5 - (5/0-5-&hyl-9,10-difluoro-5-hydro^ 

l//,3H-oxepino[3\4 , :6J]indolizino[l,2-fe]quinol6ine-3, 15-dione ; 

- (5i?)-5-6thyl-9, 10-difluoro-5-hydroxy- 12-(3,3 t 3-trifluoropropyl)-4,5, 13,15- 
t6trahydro-lH,3H-ox€pino[3 , ,4 , :6,7]indolizino[l,2-fe]quinol6ine-3, 15-dione ; 

- (5/9-5-6thyl-9,10-difluoro-5-hydroxy-12^ 

10 IH^H-oxepinotS'^^Jlindolizinoll^-^lquinoMine-S, 15-dione ; 

- (5/?)-5-6thyl-9»10-difluoro-5-hydroxy-12-pentyl-4,5,13,15-t6trahydro- 
l//,3/f-ox6pino[3\4 , :6J]indolizino[l,2-^]quinoleine-3, 15-dione ; 

- (5i?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-phen6thyl-4,5, 13,1 5-tetrahydro- 
l/Z^/f-ox^pinoP'^'iejlindolizinotl^-fclquinol^ine-S, 15-dione ; 

1 5 - (5K)- 1 2-d€cy l-5-&hy 1-9, 1 0-difluoro-5-hy droxy-4,5, 1 3 , 1 5-tetrahydro- 
l^S/Z-oxfipinoP'^'iSJlindolizinotl^-^lquinol^ine-S, 15-dione ; 

- (5K)- 12-(2-cyclohexylethyl)-5-ethyl-9, 10-difluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 
l#,3if-ox6pino[3\4' :6,7]indolizino[ 1 ,2-fc]quinol<5ine-3, 1 5-dione ; 

- (5R)- 1 2-(3,3-dimethylbutyl)-5-6thyl-9, 10-difIuoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 
20 l^SH-oxepinotS'.^rejlindolizinoIl^-^lquinoleine-S, 15-dione ; 

- (5/?)-5-6thyl-9,l l-difluoro-5-hydroxy-12-propyl-4,5,13,15-t6trahydro- 
l^S/f-ox^pinoP'^^JlindolizinoIl^-fclquinol^ine-S, 15-dione ; 

- (5£)-5-ethyl-9, 1 1 -difluoro-5-hydroxy- 12-(3,3 ,3-trifluoropropyl)-4,5, 1 3,15- 
t6trahydro- IH ,3i/-ox6pino[3 , ,4 < :6,7]indolizino[ 1 ,2-fc]quinoleine-3, 1 5-dione ; 

25 - (5/f)-5-6thyl-9,l l-difluoro-5-hydroxy-12-isopentyl-4,5,13,15-tetrahydro- 
l//,3if-ox6pino [3 ' ,4* :6,7]indolizino[ 1 ,2-fo] quinol6ine-3 , 1 5-dione ; 



- (5tf)-5-&hyl-9,l l-difluoro-5-hydroxy-12-pentyl-4,5,13,15-t6trahydro- 
1 J/,3//-ox6pino[3\4' :6,7]indolizino[ 1 ,2-fe]quinoleine-3, 1 5-dione ; 
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- (5/?)-5-&hyl-9,ll-difluoro-5-hy^^ 

lH,3#-oxdpino[3^4 , :6J]indolizino[l,2-fc]quinol€ine-3,15-dione ; 

- (5/?)-12-decyl-5-ethyl-9,l l-difluoro-5-hydroxy-4,5,13,15-t€trahydro-li/,3H- 
oxepinoLS'^'rd.TjindolizinoIl^-felquinoleine-SJS-dione ; 

- (5/?)- 1 2-(2-cyclohexyl<£thyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-t6trahy dro- 
li/,3H-ox6pino[3^4':6,7]indolizino[ 1 ,2-£>]quinol&ne-3, 1 5-dione ; 

- (5/?)- 1 2-(3,3-dimethylbutyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-tetrahy dro- 
IH^fl-oxepinofS'^'^JlindolizinoIl^-fclquinol^ine-SJS-dione ; 

ou les sels de ces derniers. 

L'invention concerne de fa9on plus particuliere les composes suivants : 

- (5/?)-12-butyl-5-ethyl-5^^ 

ox^pinoIS'^'^^jindolizinofl^-felqiiinol^ine-S,! 5-dione ; 

- (5/0-5, 12-di&hyl-5-hydroxy-4,5, 13,1 5-t<Strahydro- IH,3H- 
ox6pino [3 \4' : 6,7]indolizino [ 1 ,2-fe] quinol£ine-3 , 1 5-dione ; 

- (5/?)-5-6thyl-5-hy droxy- 1 2-ph6ny 1-4,5, 1 3 , 15-t6trahydro- 1 H,3H- 
ox6pino[3 , ,4 , :6,7]indolizino[l ,2-&]quinoleine-3,l 5-dione ; 

- (5/?)-5-&hyl-9,10-difluoro^ 

oxepino[3\4 f :6,7]indolizino[l ,2-Z?]quinol6ine-3,l 5-dione ; 

- (5/?)-12-butyl-5-ethyl-9J 

ox£pino[3 \4' : 6,7]indolizino[ 1 >2-b] quinoleine-3 , 1 5-dione ; 

- (5/?)-5-6thyl-9, 1 O-difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- \H,3H- 
oxdpinoP'^^JJindolizinoIl ,2-Z?]quinol6ine-3, 15-dione ; 

- (5/?)-5, 1 2-di6thyI-9, 1 0-difluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- li/,3/f- 
oxepino[3 , ,4 , :6,7]indolizino[l ,2-£]quinoleine-3, 1 5-dione ; 

- (5/?)-5-6thyl-9,10-cUfluoro-5^ 

l/f,3i/-ox6pino[3\4^6,7]indolizino[l ,2-fc]quinol6ine-3,l 5-dione ; 

- (5tf)-5,12-diethyl-9,l 1 -difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- lif,3H- 
oxdpinotS'^re^Jindolizinotl ,2-fc]quinoleine-3, 1 5-dione ; 
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- (5/?)-5-ethyl-5-hydroxy-n^ 

oxepino[3\4':6,7]indolizino[l,2-A]quinoleine-3,15-dione ; 

- (5R)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5 ,13,1 5-t£trahydro- l/f,3/f- 
ox^pino[3 , ,4 , :6,7]indolizino[l,2-Z?]quinol6ine-3,15-dione ; 

5 - (5/?)-5,12-di6thyl-9-fluoro-5-hydroxy^,5,13,15-tetrahydro-l 
oxepinoP'^ie^lindolizinotl ,2-Z?]quinoleine-3, 1 5-dione ; 

ou les sels de ces derniers. 

L'invention concerne tout particulierement les composes suivants : 

- (5Ry 1 2-buty 1-5-ethy l-5-hydroxy-4,5, 13,1 5-tetrahy dro- 1 H,3H- 

10 oxdpino^'^re^lindolizinotl^-^jquinolSine-S.lS-dione ; ^ 

- (5/?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 12-phenyl-4,5, 13,1 5-tetrahydro- li/,3H- 
oxepinotS'^'^jTlindolizinoIl^-^quinoleine-S, 15-dione ; 

- (5/?)- 1 2-butyl-5-£thyl-9, 10-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- l//,3/f- 
ox6pino[3 ! ,4 f :6,7]indolizino[l,2-fr]quinol6ine-3,15-dione ; 

15 - (5/?)-5-6thyl-9,10-difluoro-^ 

ox^pino [3 ',4' : 6,7] indolizino [ 1 ,2-b] quinol£ine-3 , 1 5 -dione ; 

- (5/0-5,12-diethyl-9,10-difluoro-5-hy^ 
ox£pino[3',4':6,7]indolizino[l ,2-fe]quinol6ine-3, 15-dione ; 

- (5/J)-5-6thyl-9, 10-difluoro-5-hydroxy- 1 2-(2-trim6thylsilylethyl)-4,5,l 3, 1 5-tetrahydro- |} 
20 1 H,3/r-ox6pino[3\4':6,7]indoHzino[ 1 ,2-Z>]quinol6ine-3, 1 5-dione ; 

- (5/J)-5,12-diethyl-9,l l-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 1//,3«- 
ox6pino[3\4':6,7]indolizino[ 1 ,2-fr]quinol6ine-3, 15-dione ; 

- (5Ry 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1H ,3#- 
oxepinop'^'tG^JindolizinoI 1 ,2-fc]quinoleine-3, 1 5-dione ; 

25 - (5/Q-5,12-di6thyl-9-fluoro-5-hydroxy^ 

oxepinoIS'^^^indolizinoll^-fclquinoleine-S, 15-dione ; 

ou les sels de ces derniers. 




L'invention concerne d'autre part un intermediaire-cle pour la synthase des composes de 
formule generate (I), & savoir un produit de formule g^ndrale 




M 

dans laquelle Ri a la signification indiquee ci-dessus. De preference, Ri represente un 
radical ethyle. 

Les composes de formule generate (I) peuvent Stre prepares de la fa$on suivante : 
- on couple le compose de formule M avec un compose de formule 




O 

dans laquelle R2, R3, R4, R5 et R6 ont la signification indiquee ci-dessus. 
- le compose O est ensuite cyclise pour donner le compose de formule (I). 
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La formation des composes O k partir des composes de formules generates M et N 
s'effectue par un traitement connu de l'homme de Fart sous le nom de reaction de 
Mitsunobu (se r^ferer k Mitsunobu, O. et coll. Synthesis, p.l (1981)). II s'agit de 
deplacer la fonction hydroxyle du compose N par un nucleophile tel que le compost M, 
ou un deriv^ deprotone de ce dernier, par un traitement avec une phosphine, par exemple 
la triph&iylphosphine, et un derive azodicarboxylate, par exemple l'azodicarboxylate de 
didthyle ou de diisopropyle, dans un solvant aprotique tel que, par exemple, le 
tetrahydrofurane ou le W,A^dimethylformamide. La cyclisation des composes O pour 
donner les composes de formule (I) s'effectue de preference en presence d'un catalyseur 
palladie (par exemple le diacetate de palladium) dans des conditions basiques (fournies 
par exemple par un ac&ate alcalin 6ventuellement combine k un agent de transfert de 
phase tel que par exemple le bromure de tetrabutylammonium), dans un solvant aprotique 
tel que l'acetonitrile ou le iV,iV-dimethylformamide, k une temperature comprise entre 
50° C et 120° C (R. Grigg et coll., Tetrahedron 46, p. 4003 (1990)). 

L'invention offre egalement, k titre de produit industriel nouveau, un compose de formule 
generale M tel que defini precedemment. Ce produit peut etre utilise pour la fabrication de 
medicaments. 

Le compost de formule M est prepare selon un procede nouveau faisant partie de 
l'invention -et constitue des etapes successives suivantes : 

- un ester racemique represente ci-dessous 




dans laquelle Ri a la signification indiquee ci-dessus , R est un alkyle inferieur et Z un 
groupement protecteur de la fonction alcool (pour sa preparation, se referer notamment k 
la demande de brevet WO 97/00876) est transforme en l'acide carboxylique 
correspondant ; 

- on soumet ensuite ce compose a une operation de separation des enantiom&res, connue 
de Thomme de Tart sous le nom de resolution (cf Jacques, et coll., "Enantiomers, 
Racemates and Resolution"* 2nd edition, Wiley, New- York, 1991), et pennettant 
l'obtention du compose enantiomeriquement enrichi de formule generale 




A 

dans laquelle R\ et Z ont la signification indiqufie ci-dessus ; 

- la fonction alcool du compost de formule gen&ale A est ensuite deproteg6e pour dormer 
le produit de formule generale 




B 

dans laquelle R\ a la signification indiqu6e ci-dessus , 

- on cyclise ensuite le compost de formule g6n€rale B pour obtenir le compost de 
formule g6n6rale 




C 

dans laquelle Ri a la signification indiquee ci-dessus , 

- enfin, on transforme le groupement methoxy du compost de formule generale C en 
carbonyle pour obtenir un compose de formule generale 
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o 



dans laquelle Ri a la signification indiquee ci-dessus. 

Dans le cas particulier oix R\ represente un groupe ethyle, R represente un tert-butyl et Z 
represente un groupe benzyle, le compost de formule M est synthetise selon le procede 
constitue des Stapes successives suivantes : 

- Tester r-butylique rac6mique represente ci-dessous (pour sa preparation, se r6f6rer 
notamment & la demande de brevet WO 97/00876) 



est traite par de Tacide trifluoroacetique durant 18 h a temperature ambiante pour donner 
racide carboxylique correspondant ; 

- on chauffe dans de l'alcool isopropylique le sel de quinidine de l'acide 
3-(3-benzyloxym6thyl-2-m6thoxy^-pyridyl)-3-hydroxy-pentanoique k une temperature 
superieure a 30°C, et de preference de 50 °C environ, avant de laisser refroidir le milieu 
reactionnel jusqu'i temperature ambiante, de sorte que le sel de l'enantiomfere (+) de 
racide 3-(3-benzyloxymethyl-2-methoxy-4-pyridyl)-3-hydroxy-pentanoique cristallise 
tandis que le sel de l'isomfcre (-), dont l'anion est represente ci-dessous, reste en solution 





OCH 2 Ph 



,^A^OCH 2 Ph 




- la solution dans l'alcool isopropylique du sel de 1'enantiomere (-) de l'acide 
3_(3-benzyloxym6thyl-2-methoxy^pyridyl)-3-hydroxy-pentanoi*que est concentree et 
traitee h l'acide chlorhydrique pour donner le compost de fonnule 




- le compost A' est ensuite mis en contact avec du palladium en presence d'une source 
d'hydrogene pour donner le produit d£benzyl6 de formule 




B' 



- on cyclise ensuite le compost de formule B f pour obtenir le compost de formule 




C 



- enfin, on transforme le groupement rn&hoxy du compost de formule C en carbonyle, 
pour obtenir la (+)-5-6thyl-5-hydroxy-13»4,5,8,9-hexahydroox6pino[3,4-c]pyridin-3,9- 
dione (ou (+)-EHHOPD) representee ci-apifcs. 
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HO 




(+)-EHHOPD 



Pour le precede decrit ci-dessus, la reaction conduisant du compose de fonnule A' au 
compost de fonnule B* se fera de preference dans du methanol, et de preference en 
chauffant le milieu reactionnel a 40 °C environ aprfes l'addition de formiate d'ammonium. 
La cyclisation du compose de formule B f pour donner le compose C* pourra s'effectuer 
dans du THF, de preference k une temperature de 50 °C environ, tandis qu'on travaillera 
de preference h temperature ambiante avec l'acetonitrile comme solvant dans la reaction 
conduisant du compose de formule C au (+)-EHHOPD. 

Les composes de fonnule N, dans laquelle et Re est un atome d'hydrogene et R2, R3, R4 
et R5 ont la signification indiquee ci-dessus, peuvent fetre obtenus k partir d ! anilines de 
formule 



laquelle R2, R3, R4 et R5 ont la signification indiquee ci-dessus, selon le precede suivant: 
une aniline de formule P est N-acetyl6e par traitement avec un agent acetylant tel que par 
exemple l'anhydride acetique. L'acetanilide ainsi obtenu est traite h une temperature 
comprise entre 50 °C et 100 °C, de preference environ 75 °C, par un reactif connu de 
l'homme de Tart sous de nom de reactif de Vilsmeier (obtenu par Taction de 
l'oxychlorure de phosphoryle sur la MW-dimethylformamide & une temperature comprise 
entre 0 °C et 10 °C) pour donner le 2-chloro-3-quinoieinecarbaldehyde correspondant (se 
referer, par exemple k Meth-Cohn, et coll. /. Chem. Soc. t Perkin Trans. I p. 1520 
(1981); Meth-Cohn, et coll. J. Chem. Soc, Perkin Trans. I p.2509 (1981); et 
Nakasimhan et coll. 7. Am. Chem. Soc, 112, p.4431 (1990)). Cet intermediate est 
facilement reduit en le quinolylmethanol correspondant de fonnule N, dans des 
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conditions classiques connues de l'homme de Tart telles que le traitement dans un solvant 
alcoolique (par exemple le methanol) par du borohydrure de sodium k une temperature 
comprise entre 0 °C et 40 °C. 

Les composes de formule N dans laquelle R2, R3, R4» R5 et R$ ont la signification 
indiqu6e ci-dessus, peuvent aussi etre obtenus a partir de quinolones carboxylees de 
formule 





R 5 


R 6 


R 4 v 






R 3 ' 








R 2 


H 



dans laquelle R2, R3, R4, R5 et R6 ont la signification indiqu^e ci-dessus, selon le 
10 procede suivant : une quinolone de formule Q est chlor6e pour donner la 
chloroquinoieine correspondante dont la fonction carboxyiee est reduite pour donner le 
compose de formule generate N. La chloration peut 6tre effectu^e avec un oxyde de 
chlorophosphine tel que l'oxychlorure de phosphore ou l'oxyde de 
chlorodiph6nylphosphine, purs ou en presence d'un cosolvant aprotique inerte tel que le 
15 toluene ou le chloroforme, k une temperature comprise entre 50 °C et 120 °C. La 
chloration s'effectue de preference avec un exces d'oxychlorure de phosphore k 80 °C. 
La reduction peut etre effectuee avec un hydrure d'aluminium dans un solvant aprotique 
tel que Tether diethylique, l'oxyde de terf-butylmethyle, le tetrahydrofurane, le 
dichloromethane, le chloroforme, le trichloroethane ou le tolufene, k une temperature 
20 comprise entre 0 °C et 50 °C. La reduction s'effectue de preference avec de l'hydrure de 
diisobutylaluminium dans le dichloromethane a temperature ambiante. 

Les composes de formule Q, dans laquelle et R$ est un atome d'hydrog&ne et R2, R3, R4 
et R5 ont la signification indiqu6e ci-dessus, peuvent etre obtenus k partir d'acides 
anthraniliques de formule 

R 5 O 



R 3 ^f^NH 2 



25 



R 
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dans laquelle R6 est un atome d'hydrogdne et R2, R3, R4 et R5 ont la signification 
indiqude ci-dessus, selon le procede suivant : un acide de fonnule R est r£duit pour 
donner Talcool benzylique correspondant. La fonction alcoolique de Tintermediaire ainsi 
obtenu est protegee selectivement afin de laisser la fonction amine intacte. L'aniline 
5 resultante est acyiee avec un derive de l'acide malonique. La fonction alcoolique 
precedemment protegee est deprotegee, puis oxydee pour donner la fonction carbonyle 
correspondante, et Tintermediaire ainsi obtenu est soumis a un processus 
intramoieculaire, selon une reaction connue de Thomme de Tart sous le nom de 
condensation de Knoevenagel, pour donner des quinolones carboxylees de formule Q, 

10 dans laquelle et Rg est un atome d'hydrogene et R2, R3, R4 et R5 ont la signification 
indiqu6e ci-dessus. La reduction de l'acide en alcool peut 6tre effectuee par un hydnire 
metallique dans un solvant aprotique inerte k une temperature comprise entre 0 °C et 
50 °C, et de preference par Thydrure mixte de lithium et d'aluminium dans le 
tetrahydrofurane k temperature ambiante. La protection de Talcool benzylique 

15 intermediate peut Stre effectuee selon des methodes generates connues de Thomme de 
Tart (Greene T, et coll., "Protective groups in Organic Synthesis 11 , 2nd edition, Wiley, 
New- York, 1991) ou encore avec une chlorure de silyle en presence d'une base, dans un 
solvant aprotique k une temperature comprise entre 0 °C et 50 °C, et de preference par le 
chlorure de ferf-butyldiphenylsilyle en presence d'imidazole, dans le dimethylformamide 

20 k temperature ambiante. L'acylation peut Stre effectuee avec un derive malonique tel que 
le chlorure d'ethylmalonyle ou le malonate de methyle, en presence d'une base telle que la 
triethylamine ou la 4-dimethylaminopyridine, dans un solvant aprotique tel que 
Tacetonitrile, le tetrahydrofurane ou le tolufene, k une temperature comprise entre 0 °C et 
110°C, et de preference avec du chlorure d'ethylmalonyle dans Tacetonitrile k 

25 temperature ambiante, en presence de triethylamine. La deprotection peut Stre effectuee 
selon le groupe protecteur de Talcool benzylique precedemment choisi (Greene, T.), et 
dans le cas d'ether silyies par une source d'ion fluorure telle que le fluorure de cesium, 
ou de potassium en presence d'un agent de transfert de phase, ou encore le fluorure de 
tetrabutylammonium, dans un solvant aprotique tel que le tetrahydrofurane, k une 

30 temperature comprise entre 0 °C et 50 °C, et de preference k temperature ambiante. 
L'oxydation peut Stre effectufi en presence de sels de chrome (VI) portant des ligands 
pyridyle, par le reactif de Swem, ou encore par le complexe pyridine-trioxyde de soufre 
dans le dimethyl sulfoxyde en presence de triethylamine, et de preference par le 
dichromate de pyridinium dans le dichloromethane k temperature ambiante. La 

35 condensation de Knoevenagel intramoieculaire peut s'effectuer spontanement ou en 
solution en presence d'une base, et de preference dans le dichloromethane en presence de 
triethylamine k temperature ambiante. 




20 



-20- 

Les composes de formule Q, dans laquelle R 2 , R3, R4, R5 et R6 ont la signification 
indiquee ci-dessus, peuvent etre obtenus a partir d'aminocetones de formule 

~5 



FT 



R 3xkj^ NH2 
R 2 



5 dans laquelle R2, R3, R4, R5 et R6 ont la signification indiquee ci-dessus, selon le 
proced6 suivant : une aminocetone S est acyiee avec un derive de l'acide malonique et 
l'intermediaire ainsi obtenu est soumis k un processus intramol6culaire, selon une 
reaction connue de rhomme de Tart sous le nom de condensation de Knoevenagel, pour 
donner des quinolones carboxyiees de formule Q. L'acylation peut etre effectute avec un 

10 derive malonique tel que le chlorure d'dthylmalonyle ou le malonate de methyle, en 
presence d'une base telle que la triethylamine ou la 4-dimethylamino-pyridine, dans un 
solvant aprotique tel que racetonitrile, le tetrahydrofurane ou le toluene, h. une 
temperature comprise entre 0 °C et 110 °C, et de preference avec du chlorure 
d'ethylmalonyle dans racetonitrile k temperature ambiante, en presence de triethylamine. 

15 La condensation de Knoevenagel intramoieculaire peut s'effectuer spontanement ou en 
solution en presence d'une base, et de preference dans racetonitrile en presence 
d'ethylate de sodium a temperature ambiante. 

Les aminocetones de formule S, dans laquelle R2, R3, R4, R5 et R6 ont la signification 
indiquee ci-dessus, peuvent Stre obtenus k partir de benzonitriles orto-amines de formule 




dans laquelle R2, R3, R4 et R5 ont la signification indiquee ci-dessus, par traitement par 
avec un r6actif de Grignard de formule R$-MgX, ou X est un halogene et R^ a la 
signification ci-dessus, selon des methodes connues de rhomme de Tart. 



Les aminocetones de formule S, dans laquelle R$ est un radical aryle et R2, R3, R4 et R5 
25 ont la signification indiquee ci-dessus, peuvent etre obtenus a partir d'acides 



-21 - 



anthraniliques de formule R decrite ci-dessus, par traitement par du chlorure de benzoyle 
au reflux pour dormer une benzoxazone qui peut dtre transform6e en presence d'un reactif 
de Grignard de fonnule R$-MgX, oh X est un halogene et R$ est ion radical aryle en la 
benzophenone ortho-amin6e correspondante, laquelle peut etre debenzoylee par des 
reactifs tels que, par exemple, le bromure d'hydrogene en solution dans l'eau ou dans 
Tacide ac6tique glacial. 

Les aminoc6tones de formule S, dans laquelle R2, R3, R4, R5 et R$ ont la signification 
indiqu6e ci-dessus, peuvent €tre obtenus a partir d'anilines de fonnule P dans laquelle 
R2, R3, R4 et R5 ont la signification indiqu6e ci-dessus, selon le procede suivant: 
L'atome d'azote d'une aniline de fonnule P est acylee avec un agent conferant un 
caractere ortho-directeur dans la reaction de retaliation des aryles, et le compost ainsi 
obtenu est metall6, puis traite par un aldehyde de formule R^-CHO dans laquelle R$ a la 
signification ci-dessus. Le procede est alors complete par une oxydation de 
l'intermediaire alcoolique ainsi obtenue puis par une liberation de la fonction azot6e pour 
donner une aminocetone de formule S. Pour ce precede, le passage & la fonction ortho- 
directrice peut 6tre obtenue par traitement d'une aniline P avec un agent "bocant", et de 
preference par le dicarbonate de di-ferf-butyle dans un solvant aprotique tel que le 
tetrahydrofurane, le dioxane ou le dim^thoxyethane & la temperature de reflux. La 
metallation peut 6tre obtenue par traitement avec un reactif lithie tel que le tert- 
butyllithium, le s^c-butyllithium, le mesityllithium, ou, en presence de tetramethyl- 
ethyienediamine, le w-butyllithium, et de preference le n-butyllithium en presence de 
tetramethyl-ethyienediamine, dans un solvant aprotique tel que tetrahydrofurane, le 
dioxane ou le dimethoxyethane, k une temperature comprise entre -80 °C et 0 °C. 
L'oxydation peut 6tre effectue en presence de sels de chrome (VI) portant des ligands 
pyridyle, par le reactif de Swern, ou encore par le complexe pyridine-trioxyde de soufre 
dans le dimethylsulfoxyde en presence de triethylamine, et de preference par le 
dichromate de pyridinium dans le dichloromethane au reflux. La fonction azotee peut etre 
obtenue par un traitement en milieu acide, et de preference par l'acide trifluoroacetique 
dans le dichloromethane k temperature ambiante. 

Des analogues des composes intermediaires du type de N ont 6t6 decrits precedemment 
et en particulier dans la demande PCT WO 95/05427. 



Les composes de fonnule (I) 
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OH 



(I) 




'O, 



dans laquelle 

Rl represente un radical alkyle inferieur ; 

R2, R3, R4 et R5 representent, independamment, H ou un atome halogene ; 



R6 



R 7 , Rg et R 9 



m 



represente H, un radical alkyle lineaire ou ramifie comptant de 1 a 12 
atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inferieur, 
hydroxy alkyle inferieur, nitro ou (CH2) m SiR7R8R9» ou encore un 
radical aryle ou aryle alkyle inferieur substitud ou non substitul, dans 
lequels le substituant est un alkyle inferieur, un groupe hydroxy ou un 
atome halogene ; 

representent, independamment, H ou un radical alkyle lindaire ou 
ramifie' comptant de 1 a 6 atomes de carbone ; 
est un nombre entier compris entre 0 et 6 ; 



peuvent aussi etre obtenus par un proc&te nouveau, caracterise' en ce que Ton traite un 
compost de fonnule 




(IV) 
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dans laquelle Rj, R2, R3, R4 et R5 ont la signification indiquee ci-dessus, dans un milieu 
fortement acide, en presence d'un sel de fer (HI) et d'un precurseur du radical libre R$\ 
par une solution contenant des radicaux hydroxyde ou alkoxyde. 

Bien que Tart anterieur fasse mention de l'application d'une reaction similaire aux 
5 analogues de la camptoth6cines contenant une ct-hydroxylactone (Sawada, S., et coll., 
Chem Pharm. Bull, (1991), vol. 39, p. 2574) ; demande PCT WO 98/35940), son 
utilisation pour les analogues de la camptoth6cines tels que les composes de formule 
(TV), contenant une p-hydroxylactone, n'a pas 6t6 pr6vue et est inattendue, car en milieu 
fortement acide une fonction hydroxyle temaire et benzylique, en position p par rapport h 
10 une fonction carboxylique, est gen6ralement elimin^e pour donner l'ol6fine 
correspondante (Nagasawa, et coll. Heterocycles 1989, vol. 28, p. 703 ; Kimura, H. 
et coll., Chem. Pharm. Bull. 1982, vol. 30, p. 552 ; Fujita, T. et coll., J. Appl Chem 
Biotechnol 1982, vol. 32, p. 421 ; Miller, R. E., et coll., /. Org. Chem. 1950, 
vol. 15, p. 89 ; Fieser, L. F., et coll., J. Am. Chem. Soc. 1948, vol. 70, p. 3209). 

15 Dans le proc6de ci-dessus, le milieu fortement acide peut etre fourni par des acides tels 
que l'acide trifluoroac^tique ou l'acide sulfurique, aqueux ou non-aqueux, et de 
preference l'acide sulfurique aqueux, le sel de fer (HI) sera de preference le sulfate de fer 
(HI) heptahydrate, le precurseur de radical libre sera un aldehyde de formule R^-CHO 
dans lequel R$ repr^sente un alkyle infgrieur, cycloalkyle, cycloalkyle alkyle infSrieur, 

20 hydroxy alkyle inferieur, (CH2) m SiR7RgR9, ou encore un arylalkyle inffirieur substitue 
ou non substitue, dans lequels le substituant est un alkyle inf6rieur, un groupe hydroxy 
ou un atome halogfcne, et la solution contenant des radicaux hydroxydes ou alkoxydes est 
fournie par de l'eau oxygdn6e ou de l'hydroperoxyde de ferr-butyle, et de pr&terence par 
de l'eau oxygen6e k 30 volumes. 

25 Les composes de la pr^sente invention possedent d'interessantes propri6t6s 
pharmacologiques. C'est ainsi que les composes de la pr£sente invention ont une activity 
inhibitrice de la topoisom£rase I et/ou II et une activite anti-tumorale. L'6tat de la 
technique suggere que les composes de l'invention presentent une activite anti-parasitaire 
et/ou anti-virale. Les composes de la presente invention peuvent ainsi Stre utilis6s dans 

30 difKrentes applications th^rapeutiques. 

On trouvera ci-apres, dans la partie exp^rimentale, une illustration des propriety 
pharmacologiques des composes de l'invention. 

Les composes peuvent inhiber la topoisomerase, par exemple de type I et/ou n, chez un 
patient, par exemple un mammifere tel que l'homme, par administration a ce patient d'une 
35 quantite thdrapeutiquement efficace d'un des composes de l'invention. 




Les composes de l'invention possedent une activity anti-tumorale. lis peuvent etre utilises 
pour le traitement des tumeurs, par exemple des tumeurs exprimant une topoisomerase, 
chez un patient par administration audit patient d'une quantity therapeutiquement efficace 
d'un des composes de l'invention. Des exemples de tumeurs ou de cancers comprennent 
5 les cancers de l'oesophage, de Testomac, des intestins, du rectum, de la cavite orale, du 
pharynx, du larynx, du poumon, du colon, du sein, du cervix uteri, du corpus 
endometrium, des ovaires, de la prostate, des testicules, de la vessie, des reins, du foie, 
du pancreas, des os, des tissus conjonctifs, de la peau, par exemple les m&anomes, des 
yeux, du cerveau et du systeme nerveux central, ainsi que le cancer de la thyroi'de, la 
10 leuc^mie, la maladie de Hodgkin, les lymphomes autres que ceux de Hodgkin, les 
my£lomes multiples et autres. 

lis peuvent egalement etre utilis6s pour le traitement des infections parasitiques par 
Tinhibition des h&noflagellates (par exemple dans la trypanosomie ou les infections 
leishmania) ou par inhibition de la plasmodie (comme par exemple dans la malaria), mais 
15 aussi le traitement des infections ou maladies virales. 

Ces proprietes rendent les composes de l'invention aptes k une utilisation 
pharmaceutique. La presente demande a egalement pour objet, k titre de medicaments, les 
composes de l'invention, et notaniment les produits de formules generates (I) ou (II) 
telles que d^finies ci-dessus. L'invention concerne de meme les compositions 
20 pharmaceutiques contenant, k titre de principe actif , Tun au moins des medicaments tels 
que definis ci-dessus. 

L'invention concerne ainsi des compositions pharmaceutiques contenant un compose de 
Tinvention ou un sel additif d'acide pharmaceutiquement acceptable de celui-ci, en 
association avec un support pharmaceutiquement acceptable suivant le mode 
25 d'administration choisie (par exemple orale, intraveineuse, intraperiton£ales, 
in tramuscul aires, trans-dermique ou sous-cutanee). La composition pharmaceutique (par 
exemple therapeutique) peut etre sous forme solide, liquide, de liposomes ou de micelles 
lipidiques. 

La composition pharmaceutique peut 6tre sous forme solide comme, par exemple, les 
30 poudres, pilules, granules, comprimes, liposomes, gelules ou suppositoires. La pilule, le 
comprime ou la gelule peuvent 6tre revetus d'une substance capable de proteger la 
composition de Taction de l'acide gastrique ou des enzymes dans Testomac du sujet 
pendant une periode de temps suffisante pour permettre h cette composition de passer non 
dig£ree dans Tintestin grele de ce dernier. Le compost peut aussi etre administre 
35 localement, par exemple k Templacement meme de la tumeur. Le compose peut aussi etre 
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administre selon le processus de la liberation prolongee (par exemple une composition k 
liberation prolongee ou une pompe d'infusion). Les supports solides appropries peuvent 
etre, par exemple, le phosphate de calcium, le stearate de magnesium, le carbonate de 
magnesium, le talc, les sucres, le lactose, la dextrine, l'amidon, la gelatine, la cellulose, 
5 la cellulose de methyle, la cellulose carboxym6thyle de sodium, la polyvinylpyrrolidine et 
la cire. Les compositions phannaceutiques contenant un compose de l'invention peuvent 
done egalement se presenter sous forme liquide comme, par exemple, des solutions, des 
Emulsions, des suspensions ou une formulation k liberation prolongee. Les supports 
liquides appropries peuvent etre, par exemple, Feau, les solvants organiques tels que le 
10 glycerol ou les glycols tel que le polyethylene glycol, de meme que leurs melanges, dans 
des proportions varices, dans l'eau. 

L'invention a egalement pour objet Tutilisation des composes de l'invention pour la 
preparation de medicaments destines a inhiber les topoisomerases, et plus 
particulierement les topoisomerases de type I ou de type II, de medicaments destines k 
15 traiter les tumeurs, de medicaments destines k traiter les infections parasitaires, ainsi que 
de medicaments destines k traiter des infections ou maladies virales. 

La dose d'un compose selon la presente invention, k prevoir pour le traitement des 
maladies ou troubles mentionnes ci-dessus, varie suivant le mode d'administration, Ykgc 
et le poids corporel du sujet k traiter ainsi que retat de ce dernier, et il en sera decide en 
20 definitive par le medecin ou le veterinaire traitant. Une telle quantite determinee par le 
medecin ou le veterinaire traitant est appeiee ici "quantite therapeutiquement efficace". 

A moins qu'ils ne soient definis d'une autre manifere, tous les termes techniques et 
scientifiques utilises ici ont la mSme signification que celle couramment comprise par un 
specialiste ordinaire du domaine auquel appartient cette invention. De mSme, toutes les 
25 publications, demandes de brevets, tous les brevets et toutes autres references mentionnes 
ici sont incorpores par reference. 

Les exemples suivants sont presentes pour illustrer les procedures ci-dessus et ne doivent 
en aucun cas etre consideres comme une limite k la portee de Tinvention. 

PARTIE EXPERIMENTALE : 

30 Exemple 1 : (Sif)-5-ethyl.ll-fIuoro-5-hydroxy-4,5,13,15-tetrahydro- 
lff,3ff-oxepino[3 , 9 4 t :6,7]indolizino[l,2-A]quinoleine-3 9 15-dione 

Etape la. (3R)- 3-(3-benzyIoxymethyl-2-methoxy-4-pyridyl)-3-hydroxy- 
pentanoate de quinidinium. 




Du 3-(3-benzyloxym6thyl-2-methoxy-4-pyridyl)-3-hydroxy-pentanoate de tert-butylt 
(obtenu selon la methode decrite dans la demande de brevet PCT WO 97/00876 ; 40 g ; 
100 rnmol) est traite par de l'acide trifluoroacetique (150 ml) et le milieu reactionnel est 
agite pendant 18 h k 20 °C, puis concentre sous pression reduite. Le residu, repris par 
5 une solution aqueuse saturfie en bicarbonate de sodium (200 ml), est lave au 
dichloromethane (2 x 100 ml) et la solution r6sultante est acidifiee a pH = 1 avec de 
l'acide chlorhydrique 6 N, puis extraite au dichloromethane (2 x 200 ml). Les extraits 
combines sont sech6s sur sulfate de magnesium et concentres. La solution est s6ch6e sur 
du sulfate de magnesium et concentrde. L'acide racemique ainsi obtenu (31,1 g; 

10 90 mmol), repris dans l'alcool isopropylique (30 ml), est traite par une solution de 
quinidine (29,2 g ; 90 mmol) dans Talcool isopropylique (30 ml), et le melange 
resultant est agite k 50 °C jusqu'£ dissolution complete. On laisse alors la temperature 
redescendre k 40 °C, l'agitation est arretee et on laisse refroidir k temperature ambiante. 
Le milieu est amene k 0 °C sans agitation puis maintenu k cette temperature pendant 

15 16 h. On laisse ensuite la temperature remonter jusqu'& 20 °C et on agite jusqu'a 
cristallisation. Le milieu est dilue par de Talcool isopropylique puis filtr6. Le precipite est 
rince par de Talcool isopropylique. Le sel dextrogyre precipite alors que le sel levogyrc 
reste en solution dans l'alcool isopropylique. On recueille le filtrat qui est concentre pour 
donner le produit attendu. Une analyse par HPLC (colonne CHIRAL-AGP 5\i 

20 (10 cm x 4 mm) 6lu6e par un melange alcool isopropylique/eau/tampon phosphate 
pH 6,5 30/920/50, k un debit de 1,2 ml/min, detection UV a 280 nm) r6vele des temps 
de retention de 6,4 min pour le sel 16vogyre et de 2,8 min pour le sel dextrogyre et un 
rapport diastereoisomerique de 83/17. 

Etape lb : (5/f)-5-ethyI-5-hydroxy-l,3,4,5,8,9-hexahydrooxepino[3,4- 
25 c]pyridin-3,9-dione, ou (+)-EHHOPD. 

Le residu obtenu h. retape la est agite pendant 16 h & 20 °C dans un melange de 
dichloromethane (270 ml) et d'acide chlorhydrique IN (270 ml). Apres decantation, la 
phase organique est concentr6e, et le residu est repris dans du methanol (87 ml) pour etre 
engage dans la phase suivante. Cette solution est coulee sous azote sur du Palladium k 

30 10% sur charbon humide k 50% (21 \1 g ; 13 mmol). Le milieu reactionnel est agite 
pendant 5 min, puis est coulee une solution de formiate d' ammonium (11,5 g; 
183 mmol) dans du methanol (135 ml). Le milieu reactionnel est agite pendant 30 min 
en laissant la temperature evoluer, puis il est chauffe k 40 °C pendant 30 min. Le milieu 
est alors filtre sur lit de Clarcel et concentre. On coule du toluene (40 ml) que Ton 

35 evapore, et cette operation est repetee afin d'eliininer les traces de methanol. Le residu, 
repris dans du tetrahydrofurane (45 ml), est traite par une solution de 
dicyclohexylcarbodiimide (7,18 g ; 34,5 mmol) dans du tetrahydrofurane (20 ml). Le 
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milieu r^actionnel est chauff6 k 50 °C pendant 1 h, puis rameng k 20 °C, et la 
dicyclohexylur6e est filtr^e. Le filtrat est concentrd k sec et le residu, repris dans de 
I'acetonitrile (46 ml), est traits par de l'iodure de sodium (6,0 g ; 40,5 mmol) et du 
chlorure de trimSthylsilyle (5,13 ml ; 40,5 mmol), Le milieu rfiactionnel est maintenu 
5 sous agitation k temperature ambiante pendant 5 h, puis additionne d'acetonitrile (28 ml) 
et d'eau (5,6 ml). Le precipit6 obtenu est recueilli par filtration, puis repris dans de l'eau 
(10 ml), et le melange obtenu est neutralist k l'aide d'une solution d'ammoniaque. Le 
pr6cipit6 est recueilli par filtration puis repris dans de l'ac&one (40 ml) k laquelle on 
ajoute de l'eau (150 ml). Les cristaux formes sont recueillis par filtration et seches pour 
10 donner 3 g de (+)-EHHOPD avec une proportion enantiomerique de 99,4/0,6. 

RMN 1H (DMSO-d6, 8) : 0,8 (t, 3H) ; 1,65 (m, 2H) ; 3,00-3,35 (q, 2H) ; 
5,3 (q, 2H) ; 5,7 (s, 1H) ; 6,35 (d, 1H) ; 7,3 (d, 1H) ; 11,7 (s, 1H). 

Etape lc : 2-amino-6-fluorophenylmethanoI. 

Une solution sous argon d'acide 2-amino-6-fluorobenzoi"que (5 g ; 32 mmol) dans du 
15 tetrahydrofurane anhydre (100 ml) est traitte k temperature ambiante par de l'hydrure de 
lithiumaluminium (1M dans le tetrahydrofurane ; 64 ml ; 64 mmol). Le milieu 
r€actionnel est agite pendant 3 h, puis hydrolyse k0°C par une solution aqueuse saturee 
en chlorure d'ammonium (100 ml). Le melange resultant est extrait a Tacdtate d'6thyle 
(2 x 70 ml). Les extraits combines sont lav6s k l'eau et avec une solution aqueuse 
20 saturee en chlorure de sodium, puis s6ch6s sur sulfate de magnesium et concentres pour 
donner 3,8 g du produit desire, un solide blanc (Pf : 93 °C). 
IR (KBr) : 784, 1001, 1471, 1591, 1621 cnr*. 

RMN *H (DMSO-d6, 5) : 4,44 (dd, 2H) ; 4,93 (t, 1H) ; 5,27 (s, 2H) ; 6,27 (t, 1H) ; 
6,45 (d, 1H) ; 6,96 (q, 1H). 

25 Etape Id : 2-(3-fluoro-2-hydroxymethylphenylcarbamoyI)acetate 
d'ethyle. 

Une solution d'aminobenzylalcool (obtenue k Fetape lc ; 3,8 g ; 27 mmol) et 
d'imidazole (4,3 g ; 64 mmol) dans du MW-dimethylformamide (52 ml) est traitee par 
du chlorure de ferf-butyldiph6nylsilyle (8,37 ml ; 32 mmol). Le melange resultant est 

30 agit£ pendant 2h k temperature ambiante, puis est addition^ d'eau (100 ml) et extrait k 
1' acetate d'&hyle (2 x 60 ml). Les extraits combines sont lav6s k l'eau et avec une 
solution aqueuse saturee en chlorure de sodium, puis sech£s sur sulfate de magnesium et 
concentr6s. L'interm6diaire silyl6 ainsi obtenu (10 g) est repris dans rac6tonitrile 
(52 ml), puis de la tri^thylamine (4,5 ml ; 32,4 mmol) est ajoutee k la solution, et le 

35 melange resultant est trait6 au goutte a goutte par du chlorure d'^thylmalonyle (4,15 ml ; 




32,4 mmol). Le melange resultant est agit6 pendant 2 h k temperature ambiante, puis 
additionn6 d'eau (100 ml) et extrait k l'ac&ate d'6thyle (2 x 60ml). Les extraits combines 
sont lav€s k l'eau et avec une solution aqueuse saturee en cWorure de sodium, puis s^ches 
sur sulfate de magn6sium et concentres. Le r6sidu (16 g) est repris au tetrahydrofurane 
5 (50 ml) et trait6 au goutte k goutte par du fluorure de t^trabutylammonium (1M dans le 
tetrahydrofurane ; 27 ml ; 27 mmol). Le melange resultant est agite pendant 1 h k 
temperature ambiante, puis est additionne d'eau (100 ml) et extrait a Tacetate d'ethyle 
(2 x 60 ml). Les extraits combines sont laves k l'eau et avec une solution aqueuse 
saturee en chlorure de sodium, puis s6ches sur sulfate de magnesium et concentres. La 
10 purification du r6sidu par chromatographie k moyenne pression (SiC>2, CH2Cl2/MeOH, 
95/5) donne 4,8 g d'un solide blanc (Pf : 91 °C). 
JR (KBr) : 1472, 1542, 1589, 1657, 1719, 3286, 3482 cm- 1 . 

RMN *H (DMSO-d6, 5) : 1,19 (t, 3H) ; 3,54 (s, 2H) ; 4,14 (q, 2H) ; 4,55 (dd, 2H) ; 
5,21 (t, 1H) ; 6,97 (t, 1H) ; 7,31 (dd, 1H) ; 7,53 (d, 1H). 

15 Etape le : 5-fluoro-2-oxo-l,2-dihydro-3-quinoleinecarboxylate d'ethyle. 

Une solution de d6rive malonique (obtenu k l'etape Id ; 4,8 g ; 19 mmol) dans du 
dichlorom6thane (280 ml) est trait^e par du dichromate de pyridinium (8,3 g ; 
22 mmol). La suspension resultant est agitee pendant 4 h k temperature ambiante, puis 
trait^e avec de la tri£thylamine (30 ml ; 220 mmol). Le milieu r^actionnel est agit6 k 
20 temperature ambiante pendant 16 h, puis concentre sous pression reduite. La purification 
du residu par chromatographie k moyenne pression (Si02, CFkC^/MeOH, 95/5) donne 
2,1 g d'un solide jaune (Pf : 180 °C). 
JR (KBr) : 1441, 1498, 1655, 1747 cm* 1 . 

RMN *H (DMSO-d6, 5) : 1,31 (t, 3H) ; 4,28 (q, 2H) ; 7,06 (t, 1H) ; 7,16 (d, 1H) ; 
25 7,61 (dd, 1H) ; 8,43 (s, 1H) ; 12,27 (s, 1H). 

Etape If : 2-chloro-5-fluoro-3-quinoleinecarboxylate d'ethyle. 

La quinolone (obtenue a l'etape le ; 2,1 g) est chaufKe k 80 °C dans de 1'oxychlorure 
de phosphore (14 ml) jusqu'S reaction complete (contrSle CCM: Si0 2 , CT^Qj/MeOH, 
95/5). La solution resultante est alors concentr6e sous pression reduite et le residu est 
30 repris k l'eau. Le pr6cipit£ ainsi foim6 est recueilli par filtration, lav6 k l'eau jusqu'^ pH 
neutre, et sech6 sous pression reduite en presence de pentoxyde de phosphore pour 
dormer 1,8 g d'un solide blanc (Pf : 97 °C). 
IR (KBr) : 1268, 1631, 1723 cm 1 . 

RMN 1H (DMSO-d6, 5) : 1,38 (t, 3H) ; 4,42 (q, 2H) ; 7,60 (t, 1H) ; 7,89 (d, 1H) ; 
35 7,97 (dd, 1H) ; 8,92 (s, 1H). 




-29- 



Etape Ig : 2-chIoro-5-fluoro-3-quinolylmethanol. 

Une solution de quinoieinecarboxylate (obtenu k Tetape If ; 1,8 g ; 6,7 mmol) dans du 
dichloromethane (40 ml) sous argon est traitee au goutte k goutte par de l'hydrure de 
diisobutylaluminium (1M dans le dichloromethane ; 20 ml ; 20 mmol) k une temperature 
5 maintenue a 10 °C par un bain d'eau glacee. Le melange reactionnel est agite pendant lh 
k temperature ambiante, puis verse sur une solution de tartrate de sodium et de potassium 
k 20% (200 ml). Le melange resultant est agite vigoureusement pendant 1 h, puis filtre 
sur celite. Le filtrat est extrait au dichloromethane (2 x 100 ml). Les extraits combines 
sont laves k l'eau et avec une solution aqueuse saturee en chlorure de sodium, puis sech6s 
10 sur sulfate de magnesium et concentres. La purification du residu par chromatographic k 
moyenne pression (SiC>2, CH2Cl2/MeOH, 98/2) donne 450 mg d'un solide blanc 
(P f : 176 °C). 

RMN m (DMSO-d6, 8) : 4,71 (d, 2H) ; 5,78 (t, 3H) ; 7,51 (t, 1H) ; 7,75-7,83 (m, 
2H) ; 8,50 (s, 1H). 

15 Etape lh : (5/f)-5-ethyl-ll-fluoro.5-hydroxy-4,5,13,15-tetrahydro- 
l/f,3i/-oxepino[3 , ,4 , :6,7]indoIizino[l,2-fe]quinoIeine-3,15-dione, 

Une solution de quinolylmethanol (obtenu k l'etape lg ; 422 mg ; 2 mmol), de 
(+)-EHHOPD (obtenu k retape lb ; 446 mg ; 2 mmol) et de triphenylphosphine 
(592 mg ; 2,2 mmol) dans du tf,W-dimethylformamide (8 ml) est traitee au goutte k 

20 goutte par de 1'azodicarboxylate d'isopropyle (0,43 ml ; 2,2 mmol). Le melange 
reactionnel est agite pendant 16 h k temperature ambiante, puis additionne d'eau 
(100 ml) et extrait k l'ac6tate d'ethyle (2 x 100 ml). Les extraits combines sont laves k 
l'eau et avec une solution aqueuse saturee en chlorure de sodium, puis sech<£s sur sulfate 
de magnesium et concentres sous pression reduite. Le residu est purifie par 

25 chromatographic k moyenne pression (SiC>2, AcOEt/heptane, 30/70). Un melange sous 
argon de l'intermediaire obtenu (325 mg ; 0,78 mmol), de triphenylphosphine 
(42 mg ; 0,156 mmol), d'acetate de potassium (114 mg ; 1,17 mmol ), de bromure de 
tetrabutylammonium (276 mg ; 0,86 mmol) et d'acetate de palladium (0,078 mmol) est 
porte au reflux dans de racetonitrile anhydre pendant 16 h, puis refroidi k temperature 

30 ambiante et concentre sous pression reduite. Le residu est purifie par chromatographic k 
moyenne pression (SiC>2, MeOH/CH2Cl2, 5/95) pour donner 80 mg du solide attendu 
(P f > 250 °C). 

IR (KBr) :1659, 1734, 3386 cm" 1 . 

RMN m (DMSO-d6, 8) : 0,86 (t, 3H) ; 1,85 (q, 2H) ; 3,07 (d, 1H) ; 3,46 (d, 1H) ; 
35 5,28 (s, 2H) ; 5,39 (d, 1H) ; 5,52 (d, 1H) ; 6,02 (s, 1H) ; 7,43 (s, 1H) ; 7,55 (t, 
1H) ; 7,85 (q, 1H) ; 8,01 (d, 1H) ; 8,82 (s, 1H). 
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Exemple 2 ; (51?)-5-ethyI-9-fluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l^,3ff-oxepino[3 t ,4 f :6 > 7]indolizino[l 9 2-&]quinoleine-3 9 15-dione 

Ce compose est obtenu en appliquant a l'acide 2-amino-4-fluorobenzoique les etapes lc k 
lh du mode opfratoire de l'exemple 1 ci-dessus. On obtient un solide (Pf > 250 °C). 
5 RMN l H (DMSO-d6, 8) : 0,86 (t, 3H); 1,84 (q, 2H); 3,04 (d, 1H); 3,47 (d, 1H); 
5,24 (s, 2H); 5,39 (d, 1H); 5,52 (d, 1H); 6,06 (s, 1H); 7,39 (s, 1H); 7,65 (t, 1H); 
7,88 (d, 1H); 8,22 (dd, 1H); 8,71 (s, 1H). 

Exemple 3 : (51J)-5-ethyl-8-fluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l J ff,3H.oxepino[3 , ,4 , :6,7]indolizino[l ? 2-ft]quinoleine-3,15-dione 

Ce compost est obtenu en appliquant k l'acide 2-amino-3-fluorobenzoique (pr6par6 selon 
Muchowski, et coll., J. Org. Chem. y vol. 45, p. 4798) les Stapes lc k lh du mode 
operatoire de l'exemple 1 ci-dessus. On obtient un solide (Pf > 250 °C). 
IR (KBr) : 1659, 1731, 3344 cm 1 . 

RMN m (DMSO-d6, 8) : 0,88 (t, 3H) ; 1,85 (q, 2H) ; 3,07 (d, 1H) ; 3,47 (d, 1H) ; 
5,29 (s, 2H); 5,40 (d, 1H) ; 5,53 (d, 1H) ; 6,06 (s, 1H) ; 7,44 (s, 1H) ; 
7,69 (m, 2H) ; 7,96 (m, 1H) ; 8,75 (s, 1H). 

Exemple 4 : (51?)-12-benzyl-5-ethyl-5-hydroxy-4,5,13,15-t6trahydro- 
l^^H-oxepino^'^'^^lindolizinoCl^-^lquinoleine-S^S-dione 

Etape 4a : l-(2-aminophenyl)-2-phenyI-l-ethanone. 

20 Une solution de 2-aminobenzonitrile (4,25 g, 36 mmol) dans l'6ther dtethylique anhydre 
(40 ml) k 0 °C est traitfe sous argon par du chlorure de benzylmagnesium (2M dans le 
t&rahydrofurane ; 50 ml ; 100 mmol). Le milieu reactionnel est maintenu sous agitation 
pendant lh ^ temperature ambiante, puis hydrolys^ k 0 °C par l'ajout d'acide 
chlorhydrique k 10%, agit6 pendant 1 h, et neutralist avec de la soude. Le melange 

25 resultant est extrait a l'ac&ate d'6thyle. Les extraits combines sont laves k Teau et avec 
une solution aqueuse saturte en chlorure de sodium, puis sech£s sur sulfate de 
magnesium et concentres pour donner 3,5 g du produit desir€, sous la forme d'un solide 
blanc (P f : 100-101 °C). 
IR (KBr) : 1469, 1612, 1725 cm*» 

30 RMN 1H (DMSO-d6, 5): 4,25 (s, 2H) ; 6,53 (t, 1H) ; 6,74 (d, 1H) ; 
7,2-7,35 (m, 8H) ; 7,90 (d, 1H). 
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Etape 4b : 4-benzyl-2-oxo-l,2-dihydro-3-quinoleinecarboxylate d'ethyle. 

Une solution d'amino-cetone (obtenue k retape 4a ; 13,5 g ; 16 mmol) et de 
triethylamine (3,9 ml, 28 mmol) dans I'acetonitrile (66 ml) est traitee a 10 °C au goutte 
k goutte par du chlorure d^thylmalonyle (3,64 ml ; 28 mmol). Le milieu r^actionnel est 
5 agite 16 h k temperature ambiante, puis traite avec de rethoxyde de sodium, obtenu par 
dissolution de sodium (0,4 g ; 17 mmol) dans l'ethanol (25 ml). Le melange resultant 
est agite pendant 16 h k temperature ambiante, puis de Teau est ajoutee (200 ml) et on 
extrait au dichloromethane (2 x 100 ml). Les extraits combines sont laves k l'eau et avec 
une solution aqueuse satur£e en chlorure de sodium, puis sdches sur sulfate de 
10 magnesium et concentres. Le r6sidu est repris k lather ethylique pour donner un 
pr&ipite qui est recueilli par filtration, s£ch6 sous pression reduite k 50 °C, pour donner 
le solide attendu (Pf : 230 °C). |£ 
RMN 1H (DMSO-d6, 8) : 1,19 (t, 3H) ; 4,17 (s, 2H) ; 4,27 (q, 2H) ; 7,13 (t, 1H) ; 
7,15-7,20 (m, 1H) ; 7,20-7,40 (m, 5H) ; 7,49 (t, 1H) ; 7,69 (d, 1H) ; 12,15 (s, 1H). 

15 Etape 4c : (5R )-12-benzyl-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro- 
l//,3i/-oxepino[3,4 , :6,7]indolizino[l,2-6]quinoleine-3,15-dione. 

On applique k la quinolone obtenue selon retape 4b les etapes If k lh du mode op£ratoire 
de Texemple 1 ci-dessus. On obtient un solide (Pf > 250 °C). 
IR (KBr) : 1578, 1655, 1751 cnr*. 
20 RMN *H (DMSO-d6, 8) : 0,87 (t, 3H) ; 1,87 (q, 2H) ; 3,05 (d, 1H) ; 3,49 (d, 1H) ; 
4,65 (d, 1H) ; 4,70 (d, 1H) ; 5,20 (d, 1H) ; 5,25 (d, 1H) ; 5,39 (d, 1H) ; 
5,52 (d, 1H) ; 6,06 (s, 1H) ; 7,15 - 7,30 (m, 5H) ; 7,41 (s, 1H) ; 7,67 (t, 1H) ; 
7,83 (t, 1H); 8,16 (d, 1H); 8,28 (d, 1H). 0 

Exemple 5 : (5«)-l2-butyl-5-ethyl-5-hydroxy-4»5,13,15-tetrahydro- 
25 m 9 3/r-oxepino[3 v ,4 v :6 9 7]indolizino[l 9 2^]quinol^ine-3,15-dione. 

On traite le 2-aminobenzonitrile par du bromure de n-butylmagnesium selon une 
procedure similaire k retape 4a et l'amino-cetone r£sultante est traite selon une procedure 
similaire k T6tape 4b. On applique k la quinolone obtenue les etapes If k lh du mode 
operatoire de Texemple 1 ci-dessus. On obtient un solide (Pf 220-221 °C). 
30 IR (KBr) : 1611; 1655; 1725 cnr*. 

RMN 1H (DMSO-d6, 8) : 0,87 (t, 3H) ; 0,96 (t, 3H) ; 1,49 (q, 2H) ; 1,67 (q, 2H) ; 
1,86 (q, 2H); 3,05 (d, 1H) ; 3,19 (t, 2H) ; 3,49 (d, 1H) ; 5,28 (s, 2H) ; 
5,40 (d, 1H) ; 5,54 (d, 1H) ; 6,05 (s, 1H) ; 7,39 (s, 1H) ; 7,72 (t, 1H) ; 
7,85 (t, 1H) ; 8,14 (d, 1H) ; 8,26 (d, 1H). 
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Kxemple 6 : (5/f)-5,12-diethyI-S-hydroxy-4,5,13,15-tetrahydro- 
lH,3H-oxepino[3',4':6,7]indolizino[l,2-*]quinoleine-3,15-dione. 

On traite le 2-aminobenzonitrile par du bromure d'ethylmagnesium selon une procedure 
similaiie a l'6tape 4a et l'amino-cetone resultante est traitee selon une procedure similaire 
5 a l'etape 4b. On applique a la quinolone obtenue les etapes If a lh du mode operatorre de 
l'exemple 1 ci-dessus. On obtient un solide (Pf > 280 °C). 
IR (KBr) : 1652, 1758, 3329 cm 1 . 

RMN »H (DMSO-d6, 8) : 0,85 (t, 3H) ; 1,31 (t, 3H) ; 1,87 (q, 2H) ; 3,04 (d, 1H) ; 
3,24 (q, 2H) ; 3,54 (d, 1H) ; 5,25 (s, 2H) ; 5,36 (d, 1H) ; 5,53 (d, 1H) ; 
10 6,06 (s, 1H) ; 7,39 (s, 1H) ; 7,72 (t, 1H) ; 7,85 (t, 1H) ; 8,15 (d, 1H) ; 8,28 (d, 1H). 

Kxemple 7 : (5/J)-5-ethyl-5-hydroxy-12-phenyl-4,5,13,15-t6trahydro- 
l/y,3i7-oxepino[3',4*:6,7]indolizino[l,2-*]quinoleme-3,15-dione. 

On traite la 2-aimnophenyl-phenylm6thanone selon une procedure similaire a l'etape 4b. 
On applique a la quinolone obtenue les etapes If a lh du mode operatoire de l'exemple 1 
15 ci-dessus. On obtient un solide (Pf > 250 °C). 

RMN 1H (DMSO-d6, 6) : 0,86 (t, 3H) ; 1,85 (q, 2H) ; 3,05 (d, 1H) ; 3,49 (d, 1H) ; 
5,09 (s, 2H) ; 5,38 (d, 1H) ; 5,50 (d, 1H) ; 6,07 (s, 1H) ; 7,45 (s, 1H) ; 
7,60 - 7,75 (m, 6H) ; 7,82 (d, 1H) ; 7,90 (t, 1H) ; 8,25 (d, 1H). 

Exemole 8 ; (5tf)-12-cyclohexyI-5-£thyl-5-hydroxy-4,5,13,15- 
20 tetrahydro-l/f,3^-oxepino[3',4':6,7]indolizino[l,2-6]quinol6ine-3,15- 
dione. 

On traite le 2-aminobenzonitrile par du chlorure de cyclohexylmagnesium selon une 
procedure similaire a l'etape 4a et l'amino-c6tone resultante est traitee selon une procedure 
similaire a celle de l'etape 4b. On applique a la quinolone obtenue les 6tapes If a lh du 
25 mode operatoire de l'exemple 1 ci-dessus. On obtient un solide (Pf > 250 °C). 
IR (KBr) : 1655, 1728, 3500 cm 1 . 

RMN »H (DMSO-d6, 8) : 0,86 (t, 3H) ; 1,42 (t, 1H) ; 1,59 (t, 2H) ; 1,84 (m, 9H) 
3,04 (d, 1H); 3,48 (d, 1H) ; 3,69 (m, 1H) ; 5,39 (d, 1H) ; 5,40 (s, 2H) 
5,53 (d, 1H); 6,06 (s, 1H) ; 7,38 (s, 1H) ; 7,70 (t, 1H) ; 7,83 (t, 1H) 
30 8,13 (d, 1H) ; 8,37 (s, 1H). 



Exemple 9 : (5«)-5-ethyl-5-hydroxy-12-(4-methylph6nyl)-4,5,13,15- 

tetrahydro-lH,3//-oxepino[3',4':6,7]indolizino[l,2-ft]quinoleine-3,15- 

dione. 
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On traite la 2-aminoph6nyl-4-m6thylph6nylm6thanone selon une procedure similaire a 
Tdtape 4b. On applique a la quinolone obtenue les 6tapes If a lh du mode op^ratoire de 
l'exemple 1 ci-dessus. On obtient un solide (Pf > 280 °C). 
IR (KBr) : 1655, 1754, 3407 cm" 1 . 
5 RMN 1H (DMSO-d6, 5) : 0,87 (t, 3H) ; 1,87 (q, 2H) ; 2,47 (s, 3H) ; 3,07 (d, 1H) 
3,48 (d, 1H) ; 5,07 (d, 2H) ; 5,39 (d, 1H) ; 5,49 (d, 1H) ; 6,04 (s, 1H) 

7.45 (s, 1H) ; 7,48 (m, 2H) ; 7,54 (m, 2H) ; 7,65 (m, 1H) ; 7,85 (m, 2H) 
8,22 (d, 1H). 

Exemple 10 t (5A)-10-chloro-5-ethyl-12-(2-fluorophenyl)-5-hydroxy- 
10 4,5,13,15-tetrahydro-m,3£r-oxepino[3 , ,4 , :6,7]indolizino[l,2- 
fr]quinoleine-3,15~dione. 

On traite la 2-amino-5-chloroph6nyl-2-fluoroph6nylm6thanone selon une procedure 
similaire k celle de l'^tape 4b. On applique k la quinolone obtenue les etapes If k lh du 
mode operatoire de l'exemple 1 ci-dessus. On obtient un solide (Pf > 250 °C). 
15 BR (KBr) : 1656, 1744, 3397 cm- 1 . 

RMN 1H (DMSO-d6, 8) : 0,86 (t, 3H) ; 1,85 (q, 2H) ; 3,06 (d, 1H) ; 3,47 (d, 1H) 
4,93 (d, 1H) ; 5,17 (d, 1H) ; 5,37 (d, 1H) ; 5,49 (d, 1H) ; 6,05 (s, 1H) 

7.46 (s, 1H) ; 7,50 - 7,65 (m, 3H) ; 7,65 - 7,80 (m, 2H) ; 7,91 (d, 1H) 
8,27 (d, 1H). 

20 Exemple 11 : (5i?)-5-ethyl-9,10-difluoro-5-hydroxy-12-phenyl- 
4 9 5,13 9 15-tetrahydro-lJ7,3ff-oxepino[3 v 9 4 > :6,7]indolizino[l,2- 
ft]quinoleine-3,15-dione 

Etape 11a : 6/7-difluoro-2-phenyI-4H-benzo[d][3,l]oxazine-4-one* 

Un melange decide 2-amino-4,5-difluorobenzoYque (3,46 g ; 20 mmol) et de chlorure 
25 de benzoyle (56 ml ; 480 mmol) est porte au reflux pendant 16 h, puis vers6 sur une 

solution aqueuse saturee en bicarbonate de sodium (200 ml) et agit£ k 80 °C pendant 2 h. 

Le melange resultant est extrait au dichloromdthane (2 x 100 ml). Les extraits combines 

sont lav6s k l'eau et avec une solution aqueuse saturee en chlorure de sodium, puis seches 

sur sulfate de magnesium et concentres sous pression reduite. Le r£sidu est repris a 
30 Father dthylique et le pr6cipit6 ainsi form6 est recueilli par filtration, lav6 k Tether 

6thylique, et seche sous pression reduite pour donner 3,2 g d'un solide blanc 

(P f : 154 °C). 

IR (KBr) : 1613, 1657, 3341, 3467 cnr*. 

RMN *H (DMSO-d6, 5) : 7,5-7,8 (m, 3H) ; 7,8-7,9 (m, 1H) ; 8,1-8,3 (m, 1H). 




Etape lib : 2-benzoyl-4,5-difluoro-l-phenylcarboxamidobenzene, 

Une suspension de benzoxazine (obtenue selon 1 'etape 11a; 6,78 g ; 26 mmol) dans du 
dichlorom6thane (260 ml) est traitee au goutte k goutte sous argon k -78 °C par du 
bromure de phdnylmagndsium (3M dans lather 6thylique ; 22 ml ; 66 mmol). Le 
5 melange resultant est agit6 k -78 °C pendant 1 h, puis hydrolyse par addition d*une 
solution aqueuse saturfie en chlorure d'ammonium (200 ml) et extrait au dichJoromethane 
(2 x 100 ml). Les extraits combines sont lav6s k l'eau et avec une solution aqueuse 
satur6e en chlorure de sodium, puis s6ch6s sur sulfate de magnesium et concentres sous 
pression reduite. Le r£sidu repris k lather isopropylique donne des cristaux blancs qui 
10 sont recueillis par filtration et sech6s. On obtient 7,3 g de produit (Pf : 58-59 °C). 
IR (KBr) : 1423, 1537, 1599, 1682 cm- 1 . 

RMN 1H (DMSO-d6, 5) : 7,4-7,6 (m, 9H) ; 7,69 (d, 2H) ; 7,88 (dd, 1H). 
Etape 11c : 2-amino-4,5-difluorophenyl-phenylmethanone. 

Une solution de d'amino-c^tone AT-benzoyiee (obtenue selon l'etape lib; 7,3 g; 

15 21,7 mmol) dans l'acide acetique glacial (300 ml) est traitee avec de l'acide 
bromhydrique k 48% (150 ml) et le milieu r&ictionnel est port6 au reflux pendant 10 h. 
Apr6s refroidissement k temperature ambiante, le melange resultant est concentre sous 
pression reduite, puis repris dans une solution aqueuse saturSe en bicarbonate de sodium 
(200 ml) et extrait k l'acfitate d'6thyle (2 x 100 ml). Les extraits combines sont lav6s k 

20 l'eau et avec une solution aqueuse satur€e en chlorure de sodium, puis s6ch6s sur sulfate 
de magnesium et concentres sous pression r6duite. Le r6sidu est repris au pentane et le 
pr6cipit6 ainsi form6 est recueilli par filtration donner 4 g d'un solide jaune clair 
(P f : 100-101 °C). 

IR (KBr) :1514, 1563, 1645, 3372, 3482 cm- 1 . 
25 RMN *H (DMSO-d6, 5) : 6,83 (dd, 1H) ; 7,1-7,4 (m, 3H) ; 7,5-7,7 (m, 5H). 

Etape lid : (51f)-5-ethyl-9,10-difluoro-5-hydroxy-12-phenyl-4,5,13,15- 

tetrahydro-l^^-oxepinota'^'^^lindolizinoIl^-ftlquinoI^ine-SjlS- 

dione. 

On traite l'aminoc€tone obtenue k l'etape 1 lc selon une procedure similaire k celle de 
30 l'etape 4b. On applique a la quinolone obtenue les etapes If k lh du mode opfiratoire de 
Texemple 1 ci-dessus. On obtient un solide (Pf > 250 °C). 
IR (KBr) : 1659, 1734, 3386 cm 1 . 

RMN 1H (DMSO-d6, 8) : 0,85 (t, 3H) ; 1,80 (q, 2H) ; 3,06 (d, 1H) ; 3,45 (d, 1H) ; 
5,00 (d, 1H) ; 5,35 (d, 1H) ; 5,48 (d, 1H) ; 6,03 (s, 1H) ; 7,39 (s, 1H) ; 
35 7,55-7,75 (m, 6H) ; 8,24 (dd, 1H). 
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Exemple 12 : (5^)-5-ethyl-9-fluoro-5-hydroxy-12-phenyl-4,5,13,15- 

tetrahydro-lH,3^-oxepino[3\4 , :6,7]indolizino[l ? 2-^]quinoleine-3,15- 

dione. 

On traite l'acide 2-amino-4-fluorobenzoique selon une procedure similaire aux 6tapes 11a 
5 k 1 1c et l'aminocetone r£sultante est traite selon une procedure similaire k l'etape 4b. On 
applique k la quinolone obtenue les Stapes If a lh du mode op^ratoire de Texemple 1 ci- 
dessus. On obtient un solide (Pf > 250 °C). 

RMN *H (DMSO-d6, 6) : 0,86 (t, 3H) ; 1,84 (q, 2H) ; 3,06 (d, 1H) ; 3,46 (d, 1H) ; 
5,00 (d, 1H) ; 5,08 (d, 1H) ; 5,37 (d, 1H) ; 5,49 (d, 1H) ; 6,03 (s, 1H) ; 
10 7,43 (s, 1H) ; 7,50 - 7,80 (m, 6H) ; 7,85 (t, 1H) ; 7,96 (d, 1H). 

Exemple 13 : (5/f)-12-butyl-5-ethyl-9,10-difluoro-5-hydroxy-4,5,13,15- 

t6trahydro-lH 9 3H-ox^pino[3 9 ,4 l :6 ) 7]indolizino[l 9 2-6]quinoleine-3 9 15- 

dione 

Etape 13a : jV-(3,4-difIuorophenyI)acetamide. 

15 Un melange de 3,4-difluoroaniline (50 ml; 500 mmol) et de triethylamine (70 ml ; 
500 mmol) dans du dichloromethane (1,5 1) est refroidi au moyen d'un bain de glace. 
De Tanhydride acetique (71,5 ml ; 750 mmol) est ajoute goutte k goutte et le melange 
reactionnel est agite pendant 1 h k temperature ambiante. Le melange obtenu est ensuite 
lave s6quentiellement avec de l'eau, avec une solution de bicarbonate de sodium k 10%, 

20 et avec une solution aqueuse saturSe en chlorure de sodium. La fraction organique, 
s6ch6e sur du sulfate de sodium, est concentre sous pression r6duite. Le r6sidu est mis 
en suspension dans du pentane, filtre et s€ch6 sous pression reduite pour donner l'anilide 
attendu, un solide beige (Pf : 126-127,5 °C). 

RMN 1H (DMSO-d6, 8) : 2,15 (s, 3H) ; 7,10-7,65 (m, 2H) ; 7,65-8,10 (m, 1H) ; 
25 10,30 (pic large, 1H). 

Etape 13b : 2-chloro-6,7-difluoro-3-quinoleinecarbaldehyde. 

A un rdactif de Vilsmeier, obtenu sous argon avec du W,W-dimethylformamide anhydre 
(34 ml; 440 mmol) refroidi par un bain de glace, traite au goutte k goutte par de 
Toxychlorure de phosphore (103 ml ; 1,1 mol), puis agite pendant 0,5 h avant de 
30 laisser la temperature remonter jusqu'ik temperature ambiante, on ajoute l'acetanilide 
obtenu selon retape 13a (32 g ; 220 mmol). Le melange ainsi obtenu est agit6 a 70 °C 
durant 16 h, puis refroidi k temperature ambiante. Le milieu reactionnel est alors couie 
goutte k goutte sur un melange eau-glace (400 ml), et le melange resultant est agite 
pendant 2 h. Le precipit6 obtenu est filtre et lave k l'eau jusqu'k pH neutre, puis seche 
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sous pression reduite en presence de pentoxyde de phosphore pour donner un solide 

jaune (P f : 226-229 °C). 

IR (KBr) : 888, 1061, 1262, 1507, 1691 cm" 1 . 

RMN *H (DMSO-d6, 5) : 8,17 (dd, 1H) ; 8,39 (dd, 1H) ; 8,97 (d, 1H) ; 
5 10,34 (d, 1H). 

Etape 13c : 2-chloro-6,7-difluoro-3-quinolylmethanoL 

Une suspension de quinol&ne-carbaldehyde obtenu selon l'etape 13b (9 g ; 39 mmol) 
dans du methanol (400 ml) est traitee par du borohydrure de sodium (2 g ; 53 mmol) k 
temperature ambiante pendant 0,5 h. L'exces de borohydrure est d^truit par de l'acide 

10 acetique (2 ml) et le milieu rSactionnel est concentr6 sous pression reduite. Le residu, 
repris dans l'acetate d'ethyle (500 ml), est lav£ s^quentiellement avec une solution 
aqueuse de bicarbonate de sodium k 10%, avec de l'eau, et avec une solution aqueuse 
satur^e en chlorure de sodium. La phase organique, s6ch6e sur sulfate de magnesium, 
est concentree sous pression r6duite. Le residu est recristallisd dans du 

15 1,2-dichloroethane pour donner le quinolylmethanol attendu, un solide beige 
(P f : 166,5-167 °C). 
IR (KBr) : 871, 1038, 1253, 1513 cm- 1 . 

RMN *H (DMSO-d6, 5): 4,67 (d, 2H) ; 5,80 (t, 1H) ; 8,01 (dd, 1H) ; 
8,22 (dd, 1H) ; 8,48 (s, 1H). 

20 Etape 13d : (51?)-5-ethyl-9,10-difluoro-5-hydroxy-4,5,13,15-tetrahydro. 
lH,3H-oxepino[3 , ,4 , :6,7]indolizino[l,2-*]quinoleine-3,15-dione. 

On traite le quinolylmethanol obtenu k l^tape 13c avec du (+)-EHHOPD selon la 
procddure de l'etape Ih. On obtient un solide blanc. 
IR (KBr) : 871, 1261, 1512, 1579, 1654, 1746 cm- 1 . 
25 RMN !H (DMSO-d6, 8) : 0,87 (t, 3H) ; 1,85 (m, 2H) ; 3,08 (d, 1H) ; 3,44 (d, 1H) ; 
5,26 (s, 2H) ; 5,39 (d, 2H) ; 5,52 (d, 1H) ; 5,99 (s, 1H) ; 7,39 (s, 1H) ; 
8,15 (dd, 1H) ; 8,23 (dd, 1H) ; 8,68 (s, 1H). 

Etape 13e : (5/?)-12-butyl-5-ethyl-9,10-difluoro-5-hydroxy-4,5,13»15- 
tetrahydro-m,3^-oxepino[3 f ,4 , :6,7]indolizino[l,2-6]quinoleine-3,15- 
30 dione. 

Le produit de l'etape 13d (100 mg; 0,25 mmol) est dissous dans un m61ange d'eau 
(1,33 ml) et d'acide sulfurique k 95% (1 ml). On ajoute k cette solution du sulfate de 
fer (II) heptahydrate (28 mg; 0,10 mmol); du valeraldehyde (0,17 ml ; 1,60 mmol) et 
Ton refroidit la solution r6sultante par un bain de glace. Le milieu r6actionnel est alors 
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trait6 au goutte a goutte par du peroxyde d'hydrogene a 30% (0,38 ml; 1 mmol); agit6 
pendant 5 h a temperature ambiante, puis dilu6 a l'eau (50 ml) et extrait au 
dichlorome'thane (4 x 50 ml). Les extraits combines sont laves a l'eau et avec une 
solution aqueuse saturee en chlorure de sodium, puis seches sur sulfate de magnesium et 
5 concentres sous pression recluite. Le residu est purifie par chromatographie a moyenne 
pression (Si0 2 , MeOH/CH 2 Cl2, 5/95) pour donner le solide attendu (Pf > 275 °C). 
IR (KBr) : 1656, 1748, 3385 cm-i. 

RMN 1H (DMSO-d6, 8) : 0,85 (t, 3H) ; 0,94 (t, 3H) ; 1,47 (q, 2H) ; 1,64 (m, 2H) ; 
1,83 (q, 2H) ; 3,05 (d, 1H) ; 3,16 (m, 2H) ; 3,47 (d, 1H) ; 5,27 (s, 2H) ; 
10 5,39 (d, 1H) ; 5,52 (d, 1H) ; 6,05 (s, 1H) ; 7,35 (s, 1H) ; 8,13 (m, 1H); 
8,32 (m, 1H). 

Exemple 14 : (5/?)-12-benzyl-5-ethyl-9,10-difluoro-5-hydroxy- 
4,5^3, 15-tetrahydro-liJ,3//-oxepino[3\4':6,7]indolizino[l,2- 
Z»]quinoleine-3,15-dione. 

15 Le produit de l'etape 13d est trait£ par du phenylac£tald£hyde selon une procedure 
similaire a celle de l'6tape 13e pour donner le solide attendu (Pf 275 °C (dec.)). 
IR (KBr) : 1656, 1707, 1749 cm 1 . 

RMN 1H (DMSO-d6, 8) : 0,86 (t, 3H) ; 1,84 (q, 2H) ; 3,05 (d, 1H) ; 3,48 (d, 1H) ; 
4,64 (s, 2H) ; 5,19 (d, 2H) ; 5,38 (d, 1H) ; 5,51 (d, 1H) ; 6,06 (s, 1H) ; 
20 7,20 (m, 1H) ; 7,26 (m, 4H) ; 7,37 (s, 1H) ; 8,15 (t, 1H) ; 8,31 (t, 1H). 

Exemple IS t (5/?)-5-£thyI-9,10-difluoro-5-hydroxy-12-propyI- 

4,5,13,15-tetrahydro-l/J,3//-oxepino[3\4':6,7]indolizino[l,2- 

fr]quinol€ine-3,15-dione. 

Le produit de l'etape 13d est traite avec du butyraldeiiyde selon une procedure similaire a 
25 celle de l'6tape 13e pour donner le solide attendu (Pf 250 °C). 
IR (KBr) : 1656, 3425 cm- 1 . 

RMN m (DMSO-d6, 8) : 0,86 (t, 3H) ; 1,04 (t, 3H) ; 1,70 (q, 2H) ; 1,84 (q, 2H) ; 
3,07 (d, 1H) ; 3,15 (t, 2H) ; 3,46 (d, 1H) ; 5,25 (s, 1H) ; 5,39 (d, 1H) ; 
5,52 (d, 1H) ; 6,02 (s, 1H) ; 7,36 (s, 1H) ; 8,12 (m, 1H) ; 8,34 (m, 1H). 

30 Exemple 16 ; (5«)-5,12-diethyI-9,10-difluoro-5-hydroxy-4,5,13,15- 
tetrahydro-l/7,3H-oxepino[3',4 , :6,7]indolizino[l,2-fc]quinoleine-3,15- 
dione. 



Le produit de l'etape 13d est traite* avec du propionaldehyde selon une procedure similaire 
a celle de l'etape 13e pour donner le solide attendu (Pf > 275 °C). 
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IR (KBr) : 1656, 1725, 3308 cm" 1 . 

RMN J H (DMSO-d6, 6) : 0,85 (t, 3H) ; 1,28 (t, 3H) ; 1,83 (q, 2H) ; 3,05 (d, 1H) ; 
3,19 (q, 2H) , 3,47 (d, 1H) ; 5,29 (s, 2H) ; 5,39 (d, 1H) ; 5,52 (d, 1H) ; 
6,06 (s, 1H) ; 7,36 (s, 1H) ; 8,15 (m, 1H) ; 8,35 (m, 1H). 

5 Exemple 17 : (5fl)-5-ethyl-9,10-difluoro-5-hydroxy-12-(2- 
trimethylsilyIethyl)-4,5,13,15-tetrahydro-l//,3^- 
oxepino[3%4':6,7]indolizino[l,2-6]quinol£iiie-3,15-dione. 

Le produit de l'6tape 13d est traite" avec du 3-trimethylsUylpropanal (obtenu suivant 
Sarkar, T. K., et coll., Tetrahedron (1990), vol. 46, p. 1885) selon une procedure 
10 similaire a 1'etape 1 3e pour donner le solide attendu (Pf 276 °C). 

RMN 1H (DMSO-d6, 8) : 0,14 (s, 9H) ; 0,86 (m, 5H) ; 1,83 (q, 2H) ; 3,07 (m, 3H) ; 
# 3,46 (d, 1H) ; 5,26 (s, 2H) ; 5,40 (d, 1H) ; 5,51 (d, 1H) ; 6,06 (s, 1H) ; 

7,34 (s, 1H) ; 8,14 (m, 2H). 

Exemple 18 : (5£)-5-ethyl-9,ll-difIuoro-5-hydroxy-4,5,13,15- 
1S tetrahydro-lH^-oxepino^'^'^^JindoIizinoEl^-Mquinol^ine-aaS- 
dione. 

On procede avec la 3,5-difluoroaniline selon les etapes 13a a 13c et Ton traite le 
quinolylmethanol ainsi obtenu avec du (+)-EHHOPD selon la procedure de 1'etape lh. 
On obtient un solide blanc (Pf 227 °C (dec.)). 
20 IR (KBr) : 1638, 1748, 3310 cnr». 

RMN »H (DMSO-d6, 8) : 0,87 (t, 3H) ; 1,85 (q, 2H) ; 3,07 (d, 1H) ; 3,46 (d, 1H) ; 
5,26 (s, 2H) ; 5,40 (d, 1H) ; 5,52 (d, 1H) ; 6,03 (s, 1H) ; 7,42 (s, 1H) ; 
^ 7,70 (t, 1H) ; 7,80 (d, 1H) ; 8,82 (s, 1H). 

Exemole 19 ; (5«)-12-butyl-5-ethyl-9,ll-difluoro-S-hydroxy-4,5,13,15- 
25 tetrahydro-l//,3//-ox6pino[3',4':6,7]indolizino[l,2-*]quinoleine-3,15- 
dione. 

Le produit de 1 'exemple 18 est traits avec du valeraldehyde selon une procedure similaire 
a celle de 1'etape 13e pour donner le solide attendu (Pf 190 °C). 
IR (KBr) : 1657, 1751, 3385 cm 1 . 
30 RMN 'H (DMSO-d6, 8) : 0,86 (t, 3H) ; 0,96 (t, 3H) ; 1,49 (q, 2H) ; 1,66 (q, 2H) ; 
1,84 (q, 2H) ; 3,07 (d, 1H) ; 3,46 (d, 1H) ; 5,30 (s, 2H) ; 5,40 (d, 1H) ; 
5,53 (d, 1H) ; 6,03 (s, 1H) ; 7,39 (s, 1H) ; 7,67 (t, 1H) ; 7,78 (d, 1H). 
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F.xemnle 20 : (5fl)-5,12-diethyl-9,l l-difluoro-5-hydroxy-4,5, 13,15- 

tetrahydro-l«,3//-oxepino[3*,4':6,7]indolizino[l,2-*]quinoleine-3,15- 

dione. 

Le produit de l'exemple 18 est traits avec du propionalddhyde selon une procedure 
5 similaire a celle de 1'etape 13e pour donner le solide attendu (Pf 255 °C). 

RMN 1H (DMSO-d6, 5) : 0,86 (t, 3H) ; 1,33 (t, 3H) ; 1,84 (q, 2H) ; 3,06 (d, 1H) ; 
3,29 (m, 2H) ; 3,57 (d, 1H) ; 5,28 (s, 2H) ; 5,35 (d, 1H) ; 5,53 (d, 1H) ; 
6,04 (s, 1H) ; 7,38 (s, 1H) ; 7,69 (m, 1H) ; 7,80 (m, 1H). 

Exemple 21 ; (5/?)-5-ethyl-5-hydroxy-12-propyl-4,5,13,15-tetrahydro- 
10 l#,3H-oxepino[3%4':6,7]indolizino[l,2-Z>]quinoleine-3,15-dione. 

La (5/J)-5-6thyl-5-hydroxy-4,5,13,15-t^trahydro-m,3fl r -ox6pino[3',4 , :6,7]indolizino 
[l,2-&]quinoleine-3,15-dione (obtenue selon la procedure decrite dans la demande de 
brevet PCT WO 97/00876) est traitee avec du butyrald£hyde selon une procedure 
similaire a celle de l'6tape 13e pour donner le solide attendu (Pf 265 °C (dec.)). 
15 IR (KBr) : 1590, 1653, 3287 cm 1 . 

RMN *H (DMSO-d6, 8) : 0,87 (t, 3H) ; 1,06 (t, 3H) ; 1,73 (q, 2H) ; 1,82 (q, 2H) 
3,06 (d, 1H) ; 3,19 (t, 2H) ; 3,48 (d, 1H) ; 5,24 (s, 2H) ; 5,31 (d, 1H) 
5,54 (d, 1H) ; 6,02 (s, 1H) ; 7,38 (s, 1H) ; 7,72 (t, 1H) ; 7,85 (t, 1H) 
8,15 (d, 1H) ; 8,28 (d, 1H). 

20 Kxemple 22 : (5^)-5-^thyl-5-hydroxy-12-(2-trimethy Isilylethyl)- 
4,5,13,15-tetrahydro-l//,3if-oxepino[3\4':6,7]indolizino[l,2- 
£]quinoleine-3,15-dione. 

La (5/?)-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro-l^,3H-oxepino[3',4':6,7]indolizino 
[l,2-&]quinoleine-3,15-dione (obtenue selon la procedure decrite dans la demande de 
25 brevet PCT WO 97/00876) est traitee avec du 3-trimethylsilylpropanal (obtenu suivant 
Sarkar, T. K., et coll., Tetrahedron (1990), vol.46, p. 1885) selon une procedure 
similaire a celle de l'elape 13e pour donner le solide attendu (Pf > 250 °C). 
IR (KBr) : 1655, 1753, 3420 cm-'. 

RMN l H (DMSO-d6, 8) : 0,11 (s, 9H) ; 0,88 (t, 3H) ; 0,91 (m, 2H) ; 1,89 (q, 2H) 
30 3,07 (d, 1H) ; 3,12 (m, 2H) ; 3,47 (d, 1H) ; 5,25 (s, 2H) ; 5,33 (d, 1H) 
5,41 (d, 1H) ; 5,54 (d, 1H) ; 6,02 (s, 1H) ; 7,39 (s, 1H) ; 7,73 (t, 1H) 
7,82 (t, 1H) ; 8,15 (s, 1H). 
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Exemple 23 : (5«)-12-butyI-5-ethy]-9-f]uoro-5-hydroxy-4,5,13,15- 

tetrahydro-l//,3//-ox£pino[3\4':6,7]indolizino[l,2-ftJquinoleine-3,15- 

dione. 

Le produit de l'exemple 2 est traits avec du val6rald6hyde selon une procedure similaire a 
5 l'6tape 13e pour donner le solide attendu (Pf 235-236 °C). 

RMN l H (DMSO-d6, 8) : 0,86 (t, 3H) ; 0,95 (t, 3H) ; 1,48 (m, 2H) ; 1,67 (m, 2H) 
1,85 (q, 2H) ; 3,06 (d, 1H) ; 3,20 (t, 2H) ; 3,46 (d, 1H) ; 5,27 (s, 2H) 
5,40 (d, 1H) ; 5,53 (d, 1H) ; 6,02 (s, 1H) ; 7,38 (s, 1H) ; 7,64 (t, 1H) 
7,87 (d, 1H) ; 8,36 (dd, 1H). 

10 Exemple 24 : (5/?)-5,12-diethyl-9-fluoro-5-hydroxy-4,5,13,15- 

tetrahydro-m,3/7-oxepino[3\4':6,7]indolizino[l,2-&]quinoleine-3,15- 
dione. 

Le produit de l'exemple 2 est traite 1 avec du propionald6hyde selon une procedure 
similaire a l'6tape 13e pour donner le solide attendu. 
15 RMN »H (DMSO-d6, 8) : 0,86 (t, 3H) ; 1,31 (t, 3H) ; 1,85 (q, 2H) ; 3,06 (d, 1H) ; 
3,22 (q, 2H) ; 3,47 (d, 1H) ; 5,24 (s, 2H) ; 5,39 (d, 1H) ; 5,53 (d, 1H) ; 
6,03 (s, 1H) ; 7,38 (s, 1H) ; 7,64 (t, 1H) ; 7,87 (d, 1H) ; 8,37 (dd, 1H). 

Exemple 25 ; (5IO-5-Ethyl-5-hydroxy-12-isopentyl-4,5,13,15- 
tetrahydro-l//,3J7-oxepino[3\4':6,7]indolizino[l,2-fc]quinoleine-3,15- 
20 dione. 

On traite le 2-aminobenzonitrile par du bromure d'isopentylmagnesium selon une 
procedure similaire a l'6tape 4a et l'arnino-cetone resultante est traitee selon une procedure 
similaire a l'6tape 4b. On applique a la quinolone obtenue les Itapes If a lh du mode 
operatoire de l'exemple 1 ci-dessus. On obtient un solide (Pf 263 °C). 
25 IR (KBr) : 1655, 1743, 3343 cm-'. 

RMN »H (DMSO-d6, 8) : 0,85 (t, 3H) ; 1,00 (d, 6H) ; 1,54 (m, 2H) ; 1,79 (m, 1H) 
1,82 (m, 2H); 3,06 (4, 1H) ; 3,14 (m, 2H) ; 3,45 (d, 1H) ; 5,20 (s, 2H) 
5,38 (d, 1H) ; 5,52 (d, 1H) ; 5,99 (s, 1H) ; 7,37 (s, 1H) ; 7,70 (t, 1H) 
7,82 (t, 1H) ; 8,12 (d, 1H) ; 8,19 (d, 1H). 
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Exemple 26 : (SR )-5-ethyl.l2-(4-fluorophenyI)-5-hydroxy-4,5,13,15. 
tetrahydro-lH^^-oxepinofS'^'^JlindolizinoCl^-^lquinoleine-SaS- 
dione. 

On traite le 2-aminobenzonitrile par du bromure 4-fluorophenylmagn6sium selon une 
5 procedure similaire k 1'etape 4a et l'amino-c6tone resultante est traitee selon une procedure 
similaire k 1'dtape 4b. On applique k la quinolone obtenue les etapes If a lh du mode 
op6ratoire de Texemple 1 ci-dessus. 

Exemple 27 : (57f)-12-(2,6-difluorophenyl)-5-ethyI-5-hydroxy- 
4,5,13,15-tetrahydro-m,3Jy-ox6pino[3 , ,4 , :6,7]indolizino[l,2- 
10 ft]quinoleine-3,15-dione* 

On traite le 2-aminobenzonitrile par du bromure 2,6-difluoroph6nylmagn6sium selon une 
procedure similaire k l'6tape 4a et l'amino-cetone resultante est trait6e selon une procedure 
similaire a l'&ape 4b. On applique k la quinolone obtenue les etapes If k lh du mode 
operatoire de Texemple 1 ci-dessus. 

15 Exemple 28 : (5/?)-12-(3,5-difluorophenyl)-5-^thyl-5-hydroxy- 
4,5,13,15-t^trahydro-l£T,3H-ox€pino[3 t ,4 , :6,7]indoli2ino[l,2- 
6]quinoleine-3,15-dione. 

On traite le 2-aminobenzonitrile par du bromure 3,5-difluorophenylmagn6sium selon une 
procedure similaire k l'6tape 4a et l'amino-cetone resultante est traitee selon une procedure 
20 similaire k retape 4b. On applique k la quinolone obtenue les Stapes If k lh du mode 
operatoire de Texemple 1 ci-dessus. 

Exemple 29 : (5*)-5-ethyl-5-hydroxy-12-(3,4,5-trifluorophenyl)- 

4,5,13,15-tetrahydro-m,3H-ox^pino[3 , ,4 f :6,7]indolizino[l,2- 

fc]quinoleine-3,15-dione. 

25 On traite le 2-aminobenzonitrile par du bromure 3,4,5-trifluoroph6nylmagndsium selon 
une procedure similaire k retape 4a et l'amino-cetone resultante est traitee selon une 
procedure similaire k 1'etape 4b. On applique a la quinolone obtenue les etapes If k lh du 
mode op6ratoire de Texemple 1 ci-dessus. 
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Exemple 30 : (5/J)-5-ethyl-5-hydroxy-12-(2,4,6-trifluoroph6nyl)- 
4,5,13, lS-tetrahydro-lFjSJf-oxepinotS'^'^jTlindolizinoEl,!- 
Z>]quinoleine-3,15-dione. 

On traite le 2-aminobenzonitrile par du bromure 2,4,6-trifluorophenylmagn6sium selon 
une procedure similaire k Fetape 4a et Famino-cetone r6sultante est trait6e selon une 
procedure similaire k F6tape 4b. On applique a la quinolone obtenue les 6tapes If k lh du 
mode operatoire de Fexemple 1 ci-dessus. 

Exemple 31 ; (5/?)-5-6thyl-5-hydroxy-12-(2,3,5,6.tetrafluoroph€nyl)- 

4,5,13,15-tetrahydro-lH,3»-oxepino[3 , ,4 , :6,7]indolizino[l,2. 

*]quinoleine-3,15-dione. 

On traite le 2-aminobenzonitrile par du bromure 2,3,5,6-t6trafluoroph6nylmagn6sium 
selon une procedure similaire k F6tape 4a et Famino-c6tone r&ultante est trait£e selon une 
procedure similaire k F6tape 4b. On applique k la quinolone obtenue les Stapes If k lh du 
mode operatoire de Fexemple 1 ci-dessus. 

Exemple 32 : (5/J)-5-ethyI-5-hydroxy-12-(2,3,4,5,6-pentafIuoroph€nyI)- 

4,5,13,15-tetrahydro-lJy,3H-pxepino[3 , ,4 , :6,7]indolizino[l,2- 

Z>]quinoleine-3,15-dione. 

On traite le 2-aminobenzonitrile par du bromure 2,3»4,5,6-pentafluoroph6nylmagn€sium 
selon une procedure similaire k F6tape 4a et Famino-c6tone resultante est traitfe selon une 
procedure similaire k Fetape 4b. On applique a la quinolone obtenue les Stapes If k lh du 
mode operatoire de Fexemple 1 ci-dessus. 

Exemple 33 : (5if)-5-ethyl-9-fluoro-12-(4-fluorophenyl)-5-hydroxy- 

4,5,13,15-tetrahydro-lir,3H-oxepino[3 , ,4 , :6,7]indolizino[l,2. 

fr]quinoleine-3,15-dione. 

On traite Facide 2-amino-4-fluorobenzoique selon une procedure similaire aux Stapes 11a 
k 1 lc, en employ ant le bromure de 4-fluoroph6nylmagnesium a Fetape 1 lb, et Famino- 
cetone r6sultante est traitee selon une procedure similaire k F6tape 4b. On applique k la 
quinolone obtenue les 6tapes If k lh du mode operatoire de Fexemple 1 ci-dessus. 
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Exemple 34 : (5i?)-12-(2 ? 6-difIuorophenyl)-5-ethyl-9-fluoro-5-hydroxy- 

4,5,13,15-tetrahydro-m,3^-oxepino[3 t ,4 , :6,7]indolizino 

[l,2-&]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4-fluorobenzoique selon une procedure similaire aux Stapes 11a 
5 k 11c, en employant le bromure de 2,6-difluorophenylmagn6sium k T6tape lib, et 
Tamino-c^tone r6sultante est trait^e selon une procedure similaire k l'dtape 4b. On 
applique k la quinolone obtenue les Stapes lik lh du mode operatoire de l'exemple 1 
ci-dessus. 

Exemple 35 : (5i?)-12-(3,5-difluoroph^nyl)-5-ethyl-9-fluoro-5-hydroxy- 
10 4 ? 5 ? 13,15-tetrahydro-l//,3//-oxepino[3 , ,4 , :6,7]indoIizino 
[l,2-&]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4-fluorobenzoique selon une procedure similaire aux etapes 11a 
k 11c, en employant le bromure de 3,5-difluoroph6nylmagn6sium k l'dtape lib, et 
l'amino-c£tone rdsultante est trait6e selon une procedure similaire k T6tape 4b. On 
15 applique k la quinolone obtenue les Stapes If & lh du mode operatoire de l'exemple 1 
ci-dessus. 

Exemple 36 ; (5J?)-5-ethyl-9-fluoro-5-hydroxy-12-(3,4,5- 

trifluorophenyl)-4,5 9 13,15-tetrahydro-l£r 9 3H-ox6pino 

[3%4 , :6,7]indolizino[l,2-Z>]quinoleine-3,15-dione. 

20 On traite l'acide 2-amino-4-fluorobenzoique selon une procedure similaire aux Stapes 11a 
k 11c, en employant le bromure de 3,4,5-trifluoroph6nylmagnesium k l'6tape lib, et 
Tamino-c^tone r^sultante est trait€e selon une procedure similaire k T€tape 4b. On 
applique k la quinolone obtenue les Stapes If k lh du mode operatoire de l'exemple 1 
ci-dessus. 

25 Exemple 37 ; (5/f)-5.ethyl-9.fluoro-5-hydroxy-12-(2,4,6- 
trifluorophenyl)-4,5,13,15-t€trahydro-lH,3ff-oxepino 
[3 v 9 4 v :6 9 7]indolizino[l,2-fr]quinoleine-3 9 15-dione. 

On traite l'acide 2-amino-4-fluorobenzoique selon une procedure similaire aux Stapes 11a 
a 11c, en employant le bromure de 2,4,6-trifluoroph6nylmagn6sium k l'ftape lib, et 
30 Tamino-cetone r^sultante est traitee selon une procedure similaire k l'etape 4b. On 
applique k la quinolone obtenue les etapes If k lh du mode operatoire de Texemple 1 
ci-dessus. 
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Exemple 38 : (52f)-5.ethyl-9-fluoro-5-hydroxy-12-(2,3,S,6- 

tetrafluorophenyI)-4,S,13,15-tetrahydro-lH,3JJ-oxepino 

[3%4 t :6,7]indolizino[l,2-fc]quinoleine-3,15-dione. 

On traite Facide 2-amino-4-fluorobenzoi*que selon une procedure similaire aux etapes 11a 
5 & 1 lc, en employant le bromure de 2,3,5,6-tetrafluoroph6nylmagnesium a F6tape 1 lb, et 
Famino-c6tone rdsultante est trait£e selon une procddure similaire k Fetape 4b. On 
applique k la quinolone obtenue les Stapes If k lh du mode op^ratoire de Fexemple 1 
ci-dessus. 

Exemple 39 ; (51f)-5-ethyI-9-fluoro-5-hydroxy- 
10 12-(2,3,4,5,6-pentafluoroph6nyl)-4,5,13,15-tetrahydro-lfl r ,3H-ox6pino 
[S'^'^^lindolizinoLl^-ftlquinoleine-SjlS-dione. 

On traite Facide 2-amino-4-fluorobenzoYque selon une procedure similaire aux etapes 11a 
k 1 1c, en employant le bromure de 2,3,4,5,6-pentafluoroph6nylmagn£sium k F6tape 1 lb, 
et Famino-c6tone resultante est trait€e selon une procedure similaire k F6tape 4b. On 
15 applique k la quinolone obtenue les Stapes If k lh du mode op^ratoire de Fexemple 1 
ci-dessus. 

Fxemple 40 : (5R )-5-ethyl-9,10-difluoro-12-(4.fluorophenyl). 

5-hydroxy-4,5,13,15-tetrahydro-liI,3H-oxepino 

[3\4 , :6,7]indolizino[l,2-6]quinoleine-3,15-dione. 

20 On traite Facide 2-amino-4,5-difluorobenzoique selon une procedure similaire aux 6tapes 
11a k 11c, en employant le bromure de 4-fluoroph6nylmagn6sium k l'6tape lib, et 
Famino-cdtone r6sultante est traitde selon une procedure similaire a Fetape 4b. On 
applique k la quinolone obtenue les 6tapes If k lh du mode op^ratoire de Fexemple 1 
ci-dessus. 

25 Kxemnle 41 : (SR ).12-(2,6-difluorophenyl)-5-ethyl.9,10-difluoro- 
5-hydroxy-4,5,13,15-tetrahydro-lH,3H-oxepino[3 , ,4 , :6,7]indoIizino 
[l,2-&]quinoleine-3,15-dione. 

On traite Facide 2-amino-4,5-difluorobenzoi*que selon une procedure similaire aux etapes 
Hail 1c, en employant le bromure de 2,6-difluoroph6nylmagn6sium k F6tape 1 lb, et 
30 Famino-c6tone resultante est traitee selon une procedure similaire k F6tape 4b. On 
applique k la quinolone obtenue les dtapes If k lh du mode opdratoire de Fexemple 1 
ci-dessus. 
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Exemple 42 : (5/? )- 12-(3,5-difl uoropheny 1) -5-ethy 1 -9, 1 0-d if Iuoro- 

S-hydroxy-^S^SjlS-tarahydroaHjSH-oxepinoP'^'^jVlindoHzino 

[l,2-ft]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4,5-difluorobenzoique selon une procedure similaire aux Stapes 
11a k 11c, en employant le bromure de 3,5-difluoroph6nylmagn6sium k l'6tape lib, et 
ramino-c6tone resultante est traitee selon une procedure similaire k T6tape 4b. On 
applique k la quinolone obtenue les 6tapes If k lh du mode op&ratoire de Texemple 1 
ci-dessus. 

Exemple 43 : (5/?)-5-ethyl-9,10-difluoro-5-hydroxy- 

12-(3 9 4 9 5-trifluorophenyl)-4,5 9 13 9 15-tetrahydro-m 9 3J7-oxepino 

[3 v 9 4 v :6 9 7]indoIizino[l 9 2-»]quinoleine-3 9 15-dione. 

On traite l'acide 2-amino-4,5-difluorobenzoique selon une procedure similaire aux dtapes 
1 la k 1 lc, en employant le bromure de 3,4,5-trifluorophenylmagndsium k l'etape 1 lb, et 
l'amino-cetone resultante est trait6e selon une procedure similaire k l'etape 4b. On 
applique a la quinolone obtenue les Stapes If k lh du mode op&ratoire de l'exemple 1 
ci-dessus. 

Exemple 44 : (5/f)-5-ethyl-9,10-difluoro-5-hydroxy- 

12-(2,4,6-trifluoroph^nyl).4,5,13,15-tetrahydro-l//,3ff-oxepino 

[3 , ,4 f :6,7]indolizinotl,2-6]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4,5-difluorobenzoYque selon une procedure similaire aux etapes 
1 la k 1 lc, en employant le bromure de 2,4,6-trifluorophenylmagn£sium k l'6tape 1 lb, et 
l'amino-cetone resultante est traitde selon une procedure similaire k l'6tape 4b. On 
applique a la quinolone obtenue les etapes If k lh du mode opdratoire de Texemple 1 
ci-dessus. 

Exemple 45 : (5/?)-5-ethyI-9,10-difluoro-5-hydroxy- 

12-(2,3,5,6-tetrafluorophenyl)-4 ? 5,13,15-tetrahydro-l^,3i/-oxepino 

[3 f 9 4 v :6 9 7]indolizino[l,2-fr]quinoleine-3 9 15*dione. 

On traite l'acide 2-amino-4,5-difluorobenzoi"que selon une procedure similaire aux etapes 
11a k 11c, en employant le bromure de 2,3,5,6-t£trafluoroph6nylmagndsium k l'etape 
1 lb, et l'amino-cetone resultante est traitee selon une procedure similaire & l'etape 4b. On 
applique a la quinolone obtenue les Stapes If k lh du mode operatoire de l'exemple 1 
ci-dessus. 




Exemple 46 ; (5R )-5-ethyI-9,10-difluoro-5-hydroxy- 

12-(2,3,4,5,6-pentafluorophenyI)-4,5,13,15-tetrahydro-l£T,3H-oxepino 

[3',4 f :6,7]indolizino[l,2-6]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4,5-difluorobenzoique selon une procedure similaire aux Stapes 
1 la k 1 lc, en employant le bromure de 2,3,4,5,6-pentafluorophenylmagnesium k l'6tape 
1 lb, et l'amino-c6tone rfisultante est traitee selon une procedure similaire a l'6tape 4b. On 
applique k la quinolone obtenue les 6tapes If k lh du mode op&atoire de l'exemple 1 
ci-dessus. 

Exemple 47 : (5/f)-5-ethyl-9,ll-difluoro.l2-(4-fluorophenyI). 

5-hydroxy-4 9 5,13 9 15-tetrahydro-l£T,3£f-ox^pino[3 l 9 4 , :6 9 7]indolizino 

[l,2-fc]quinol£ine-3,15-dione. 

On traite l'acide 2-amino-4,6-difluorobenzoique selon une procedure similaire aux (Stapes 
11a k 11c, en employant le bromure de 4-fluoroph6nylmagn6sium k l'6tape lib, et 
l'amino-cetone r6sultante est traitee selon une procedure similaire k l'6tape 4b. On 
applique k la quinolone obtenue les 6tapes If k lh du mode op^ratoire de l'exemple 1 
ci-dessus. 

Exemple 48 : (51J)-12-(2,6-difluorophenyl)-5-ethyl-9,l 1-difluoro- 

5-hydroxy-4 9 5 9 13 9 15-tetrahydro-lff 9 3ff-ox^pino[3 v ,4 v :6 9 7]indolizino 

[l,2-ft]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4,6-difluorobenzoique selon une procedure similaire aux Stapes 
11a k 1 lc, en employant le bromure de 2,6-difluoroph6nylmagn6sium k l'6tape lib, et 
Tamino-c^tone r6sultante est traitee selon une procedure similaire a l'etape 4b. On 
applique k la quinolone obtenue les 6tapes If k lh du mode opdratoire de l'exemple 1 
ci-dessus. 

Exemple 49 t (5/f)-12-(3,5-difluoroph^nyI)-5-ethyI.9,ll-difluoro- 

5-hydroxy-4,5,13,15-tetrahydro-lJ?,3H-oxepino[3 , ,4 t :6,7]indoli2ino 

[l,2-fc]quinol6ine-3,15-dione. 

On traite l'acide 2-anuno-4,6-difluorobenzoYque selon une procedure similaire aux Stapes 
1 la k 1 lc, en employant le bromure de 3,5-difluorophenylmagn6sium k l'etape lib, et 
l'amino-c6tone resultante est traitde selon une procedure similaire k l'6tape 4b. On 
applique k la quinolone obtenue les Stapes If k lh du mode op6ratoire de l'exemple 1 
ci-dessus. 
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Exemple SO : (5/f)-5-ethyI-9,ll-difIuoro-5-hydroxy- 

lZ-CS^jS-trifluorophenyO^^jlSjlS-tetrahydro-lH^ff-oxepino 

^•^'^^lindolizinoEl^-ftlquinoleine-SjlS-dione. 

On traite l'acide 2-amino-4,6-difluorobenzoique selon une procedure similaire aux Stapes 
5 1 la k 1 lc, en employant le bromure de 3,4,5-trifluoroph<5nylmagn6sium k l'etape 1 lb, et 
l'amino-c^tone resultante est traitee selon une procedure similaire a l'etape 4b. On 
applique a la quinolone obtenue les Stapes If k lh du mode operatoire de l'exernple 1 
ci-dessus. 

Exemple 51 ; (5/f)-5-ethyl-9,ll-difluoro-5-hydroxy- 
10 12-(2,4,6-trifluorophenyl)-4,5,13 5 15-tetrahydro-l«,3//-oxepino 
[3 ? ,4 f :6,7]indolizino[l,2-&]quinoIeine.3,15-dione. 

On traite l'acide 2-amino-4,6-difluorobenzoi"que selon une procedure similaire aux Stapes 
1 la k 1 lc, en employant le bromure de 2,4,6-trifluoroph6nylmagn6sium k l'6tape 1 lb, et 
Tamino-c^tone resultante est traitee selon une procedure similaire k l'etape 4b. On 
15 applique k la quinolone obtenue les Stapes If k lh du mode op6ratoire de l'exernple 1 
ci-dessus. 

Exemple 52 : (5/f)-5-ethyI.9,ll-difIuoro-5-hydroxy- 

12-(2 9 3,5 9 6-tetrafluorophenyl)-4,5 9 13,15-tetrahydro-m 9 3H-ox6pino 
[3%4':6,7]indoIizino[l,2-£>]quinoleine-3,15-dione. 

20 On traite l'acide 2-amino-4,6-difluorobenzoique selon une procedure similaire aux 6tapes 
11a k 11c, en employant le bromure de 2,3,5,6-t6trafluoroph6nylmagn6sium a l'6tape 
1 lb, et I'amino-c&one resultante est traitee selon une procedure similaire k l'etape 4b. On 
applique k la quinolone obtenue les Stapes If k lh du mode operatoire de l'exernple 1 
ci-dessus. 

25 Exemple 53 : (5/?)-5-ethyl-9 9 ll-difluoro-5-hydroxy- 

12-(2 9 3 9 4 9 5 9 6-pentafluorophenyl)-4 9 5 9 13 9 15-tetrahydro-m 9 3£T-oxepino 
[3\4':6,7]indolizino[l,2-&]quinoleine-3,15-dione. 

On traite l'acide 2-amino-4,6-difluorobenzoi'que selon une procedure similaire aux Stapes 
1 la k 1 lc, en employant le bromure de 2,3,4 ,5,6-pentafluoroph6nylmagn6sium k 1'dtape 
30 1 lb, et Tamino-cetone resultante est traitee selon une procedure similaire a l'etape 4b. On 
applique k la quinolone obtenue les dtapes If k lh du mode operatoire de l'exernple 1 
ci-dessus. 




Exemple 54 ; (5/?)-5-ethyl-9-fluoro-5-hydroxy-12-propyl- 

4,5,13,15-tetrahydro-l^,3H-oxepino[3 t ,4 , :6,7]indoIizino 

[l,2-&]quinoIeine-3,15*dione. 

Le produit de l'exemple 2 est traite avec du butyraldehyde selon une procedure similaire k 
l'etape 13e pour dormer le solide attendu. 

Exemple 55 : (51J)-5-ethyl-9-fluoro-5-hydroxy- 

12-(3,3,3-trifluoropropyI)-4,5,13,15-t6trahydro-lfl r ,3JJ-ox6pino 

[3 , ,4 , :6,7]indolizino[l,2-Z>]quinoleine.3,15-dione. 

Le produit de l'exemple 2 est trait6 avec du 4,4,4-trifluorobutyrald6hyde selon une 
procedure similaire k l'etape 13e pour donner le solide attendu. 

Exemple 56 : (5/i)-5-6thyl-9-fluoro-5-hydroxy-12-isopentyl- 

4 > 5 9 13,15-tetrahydro-m 9 3H-oxepino[3 9 9 4 l :6 9 7]indolizino 

[l,2-fr]quinol£ine-3,15-dione. 

Le produit de l'exemple 2 est traits avec du 4-m6thylpentanal selon une procedure 
similaire k l'etape 13e pour donner le solide attendu. 

Exemple 57 : (5/?)-5-ethyl-9-fIuoro-5-hydroxy-12-pentyl- 
4,5,13,15-t€trahydro-lir 9 3H-oxepino[3 , ,4 t :6,7]indolizino 
[l,2-£]quinoleine-3,15-dione* 

Le produit de l'exemple 2 est traite avec de l'hexanal selon une procedure similaire k 
l'6tape 13e pour donner le solide attendu. 

Exemple 58 : (5/J)-5-ethyl-9-fluoro-5-hydroxy-12-phenethyl- 

4,5,13,15.tetrahydro-m,3 J H-oxepino[3 , ,4 , :6,7]indolizino 

[l,2-ft]quinoleine-3,15-dione« 

Le produit de l'exemple 2 est traite avec du 3-ph6nylpropanal selon une procedure 
similaire k l'etape 13e pour donner le solide attendu. 

Exemple 59 ; (5i?)-12-decyl-5-6thyl-9-fluoro.5-hydroxy- 

4,5,13,15-tetrahydro-l£T,3JI-oxepinot3 , ,4 , :6,7]indolizino 

[l,2-fr]quinoleine-3,15-dione. 



Le produit de l'exemple 2 est traite avec de l'undecanal selon une procedure similaire k 
l'etape 13e pour donner le solide attendu. 
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Exemple 60 ; (5/J)-12-(2-cyclohexylethyl)-5-ethyl-9-fluoro-5-hydroxy- 
4,5,13, lS-t^trahydro-m^H-oxepino^'^'^^indolizinoCl,!. 
£]quinoleine-3»15-dione. 

Le produit de l'exemple 2 est traite avec du 3-cyclohexylpropanal selon une procedure 
similaire k T6tape 13e pour donner le solide attendu. 

Exemple 61 : (5i?)-12-(3,3-dimethylbutyl)-5-ethyl-9-fluoro-5-hydroxy- 

4,5,13,15-t^trahydro-lff,3H-oxepino[3 f ,4 , :6 9 7]indolizino 

[l,2-*]quinoleine-3,15-dione. 

Le produit de l'exemple 2 est traite avec du 4,4-dimethylpentanal selon une procedure 
similaire k Tetape 13e pour donner le solide attendu. 

Exemple 62 : (SR )-5-ethyl-9,10-difluoro-5-hydroxy-12-propyl- 

4,5,13,15-tetrahydro-lff,3H-ox^pino[3 , ,4 v :6,7]indolizino 

[l,2-6]quinoleine-3,15-dione« 

Le produit de l'dtape 13d est traite avec du butyraldehyde selon une procedure similaire k 
l'6tape 13e pour donner le solide attendu. 

Exemple 63 ; (5R )-5-ethyl-9,10-difluoro-5-hydroxy- 

12-(3,3,3-trifluoropropyl)-4,5,13,15-tetrahydro-lfl r ,3£r-ox6pino 

[S^'^TJindolizinotl^-Alquinoleine^lS-dione. 

Le produit de l'&ape 13d est traite avec du 4,4,4-trifluorobutyraldehyde selon une 
procedure similaire k l'£tape 13e pour donner le solide attendu. 

Exemple 64 : (5i?)-5-ethyl-9,10-difIuoro-5-hydroxy-12-isopentyI- 
4,5,13,15-tetrahydro-ltf ,3H~oxepino[3%4':6,7]indolizino 
[l,2-6]quinoIeine-3,15-dione. 

Le produit de l'ftape 13d est traite avec du 4-m6thylpentanal selon une procedure 
similaire k Fetape 13e pour donner le solide attendu. 

Exemple 65 ; (5/!:)-5-ethyl-9 5 10-difluoro-5-hydroxy-12-pentyl. 

4,5,13,15-tetrahydro-l£T,3H-oxepino[3 , ,4 , :6,7]indolizino 

[l,2-ft]quinoleine-3,15-dione. 

Le produit de l'etape 13d est traite avec de l'hexanal selon une procedure similaire k 
l'etape 13e pour donner le solide attendu. 
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Exemple 66 ; (5R )-5-ethyl-9,10-difluoro-5-hydroxy-12.phenethyI- 

4,5,13,15-tetrahydro-lH,3^-oxepino[3%4 , :6,7]indolizino[l,2. 

6]quinoleine-3,15-dione* 

Le produit de l'^tape 13d est trait6 avec du 3-ph€nylpropanal selon une procedure 
5 similaire k l'etape 13e pour donner le solide attendu. 

Exemple 67 : (5/?)-12-decyl-5-ethyI-9,10-difluoro-5-hydroxy- 

^SjlSjlS-tetrahydro-lH^H-oxepinoLS'^'^jTlindoIizino 

[l,2-fr]quinoleine-3,15-dione. 

Le produit de l'6tape 13d est trait6 avec de l'undecanal selon une procedure similaire k 
10 T&ape 13e pour donner le solide attendu. 

Exemple 68 ; (5/?)-12-(2-cycIohexylethyl)-5-ethyl-9,10-difluoro- 

5-hydroxy-4,5,13,15-tetrahydro-l//,3i/-oxepino[3 , ,4 , :6,7]indolizino 

[l,2-ft]quinoleine-3,15-dione. 

Le produit de l'etape 13d est trait6 avec du 3-cyclohexylpropanal selon une procddure 
15 similaire k l'6tape 13e pour donner le solide attendu. 

Exemple 69 : (5/?)-12-(3,3-dimethylbutyl).5-ethyl-9,10-difluoro- 

5-hydroxy-4,5,1345-tetrahydro-li/,3i/-oxepino[3 l ,4 , :6,7]indolizino 

[l,2-ft]quinoleine-3»15-dione. 

Le produit de l'6tape 13d est trait£ avec du 4,4-dim6thylpentanal selon une procedure 
20 similaire a l'etape 13e pour donner le solide attendu. 

Exemple 70 : (SR )-5-ethy 1-9, 11 -difluoro -5 -hydroxy -12-propyI- 

4,5,13,15-t6trahydro-lfr,3H-oxepino[3 , ,4 , :6,7]indolizino[l,2- 

&]quinoleine-3,15-dione* 

Le produit de l'exemple 18 est traite avec du butyralddhyde selon une procedure similaire 
25 k l'etape 13e pour donner le solide attendu. 

Exemple 71 : (5/f).5-ethyl-9,ll-difluoro-5-hydroxy- 

12-(3,3,3-trifluoropropyI)-4,5,13,15-tetrahydro-lH,3ff-oxepino 

[3',4 v :6,7]indolizino[l 9 2-fr]quinoleine-3 9 15-dione. 
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Le produit de l'exemple 18 est trait6 avec du 4,4,4-trifluorobutyrald6hyde selon une 
procedure similaire k T6tape 13e pour donner le solide attendu. 
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Exemple 72 : (51?)-5-ethyl-9,ll-difIuoro-5-hydroxy-12-isopentyI- 

^lS^S-tetrahydro-m^-oxepinoLS'^'^^indolizino 

[l,2-6]quinoleine-3,15-dione. 

Le produit de 1'exemple 18 est traits avec du 4-methylpentanal selon une procedure 
5 similaire k l'6tape 13e pour donner le solide attendu. 

Exemple 73 : (51J)-5-ethy!-9,ll-difIuoro-5-hydroxy-12-pentyl- 

^S^SjlS-tetrahydro-l^^-oxepinoCS'^'^^lindoIizino 

[l,2-fr]quinoleine-3,15-dione. 

Le produit de Texemple 18 est traite avec de l'hexanal selon une procedure similaire a 
10 l'etape 13e pour donner le solide attendu. 

Exemple 74 : (5/?)-5-ethyl-9,l l-difIuoro-5-hydroxy-12-phenethyl- 

4,5,13,15-tetrahydro-lH,3i/-oxepino[3 t ,4 l :6,7]indolizino 

[l,2-&]quinoleine-3,15-dione, 

Le produit de l'exemple 18 est traite avec du 3-ph6nylpropanal selon une procedure 
15 similaire k l'6tape 13e pour donner le solide attendu. 

Exemple 75 : (5U)-12-decyl-5-ethyI-9,ll-difluoro-5-hydroxy- 

4,5,13,15-tetrahydro-lff,3//-oxepino[3 , ,4 f :6,7]indolizino 

[l,2-fr]quinoleine-3,15-dione. 

Le produit de l'exemple 18 est traitd avec de 1'undecanal selon une procedure similaire k 
20 T6tape 13e pour donner le solide attendu. 

Exemple 76 : (5if)-12-(2-cycIohexylethyl)-5-ethyl-9,ll-difluoro- 

5-hydroxy-4,5 ? 13,15-tetrahydro-l^,37f-oxepino[3%4:6 ? 7]indolizino 

[l,2-&]quinoleine-3,15-dione. 

Le produit de l'exemple 18 est traits avec du 3-cyclohexylpropanal selon une procedure 
25 similaire k l'etape 13e pour donner le solide attendu. 

Exemple 77 ; (5/f)-12-(3,3-dimethylbutyl)-5-ethyl-9,ll-difluoro- 

5-hydroxy-4,5,13 9 15-tetrahydro-lH,3^-oxepino[3 v 9 4 , :6,7]indolizino 

[l,2-A]quino!eine-3,15-dione. 
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Le produit de l'exemple 18 est traite avec du 4,4-dirnethylpentanal selon une procedure 
similaire k l'etape 13e pour donner le solide attendu. 




feTUDE PHARMACOLOGIOUE PES PRODUITS DE L'lNVENTION 
Procedure 

Des cellules HT29 d'adenocarcinome de colon humain sont cultiv6es en mono-couche, k 
37 °C dans une atmosphere humidifiee contenant 95% d'air et 5% de CO2, dans un 
milieu essentiel modifie de Earle k 4,5 g/1 (Gibco, Paisley, Royaume-Uni); compl6t6 avec 
10% de serum de veau foetal inactive, 2 mM de glutamine, et 50 fig/ml de gentamycine 
(Gibco, Paisley, Royaume-Uni). 

Environ 2000 cellules sont ensemencees avec le milieu de culture ci-dessus dans les puits 
d'une microplaque (96 puits, fond plat) et incub£es pendant 24 h. Des solutions dans le 
7V,N-dim6thyl-ac6tamide (DMA)de chacun des exemples de l'invention, dilutes dans le 
milieu de culture de fagon k ce que la concentration finale de DMA soit de 0,1% (v/v), 
sont ajoutfes aux cultures en plaque, pour obtenir des gammes de concentration finale 
allant de 1 x 10 -13 k 1 x 10 -5 M, et les cellules sont incub^es pendant 72 h. 

Le r^actif de marquage WST1, (Boehringer Mannheim, Germany) est alors ajout£ dans 
chaque puit k une concentration finale de 9%, et les cellules sont incub£es pendant 2 h k 
37 °C. Cette 6tape permet k la dehydrogenase mitochondriale des cellules vivantes de 
convertir le sel de t&razolium orangle WST1 en formazan pouipre. Les solutions coloree 
r6sultantes sont quantifies par detection k double faisceaux (450 et 690 nm) k 1'aide 
d'un spectrophotomfetre multi-cuves k balayage. 

Resultats 

Les rfisultats consignes dans le tableau qui suit sont exprim6es en termes de concentration 
inhibitrice k 50% (IC50, en nM), accompagn6e d'un intervalle de confiance. On 
appr&iera les activites inhibitrices de la proliferation des cellules HT29 d'ad&iocarcinome 
de colon humain obtenues avec les exemples de l'invention, ces activites 6tant, de fa?on 
inattendue, sup6rieures a Tactivit^ du compose de reference, d^crit dans la demande de 
brevet PCT WO 97/000876. 
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Exemple 


substituants (formule generate (I)) 
Ri R 2 R 3 R4 R5 Re 


acti vit p 

I Gen fnivn 


vjuiugiquf; 

intervalle de 


Reference 


Et 


H 


H 


H 


H 


H 


30 


24-39 


2 


Et 


H 


F 


H 


H 


H 


2,5 


1,0-7,2 


5 


Et 


H 


H 


H 


H 


Bu 


16 


11-23 


6 


Et 


H 


H 


H 


H 


Et 


12 


9-14 


7 


Et 


H 


H 


H 


H 


Ph 


13 


8-19 


9 


Et 


tt 
tl 


TT 

H 


TT 

H 


TT 

H 


4-Me-Ph 


11 


8-15 


11 


Et 


H 


F 


F 


H 


Ph 


12 


7-21 


13 


Et 


H 


F 


F 


H 


Bu 


8,5 


4- 16 


15 


Et 


H 


F 


F 


H 


Pr 


11 


7-17 


1 6 


Et 


H 


F 


F 


H 


Et 


2,1 


1,5 - 2,7 


17 


Et 


H 


F 


F 


H 


(CH 2 ) 2 TMS 


5,0 


1,7-16 


18 


Et 


H 


F 


H 


F 


H 


2,2 


1,4 - 3,3 


20 


Et 


H 


F 


H 


F 


Et 


8 


4,7 - 15 


22 


Et 


H 


H 


H 


H 


(CH2) 2 TMS 


8,6 


3-26 


23 


Et 


H 


F 


H 


H 


Bu 


9,5 


5-17 


24 


Et 


H 


F 


H 


H 


Et 


3,5 


2,3 - 5,4 
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REVINDICATIONS 

1. Produit caracterise en ce qu'il est de formule generate (II) representee ci-dessous 

Rs Re 

o 




(ID 

dans laquelle 

Rl represente un radical alkyle inferieur ; 

R2> R3» R4 et R5 representent, independamment, H ou un atome halog&ne ; 

R$ represente H, un radical alkyle lineaire ou ramifie comptant de 1 k 12 

atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inferieur, 
hydroxy alkyle inferieur, nitro ou (CH2) m SiR7R8R9» ou encore un 
radical aryle, ou aryle alkyle inferieur, substitue ou non substitue sur le 
groupe aryle, dans lequel le substituant est un alkyle inferieur, un 
groupe hydroxy ou un atome halog&ne ; 

R7, Rg et R9 representent, independamment, H ou un radical alkyle lineaire ou 
ramifie comptant de 1 & 6 atomes de carbone ; 

m est un nombre entier compris entre 0 et 6 ; 

etant entendu que lorsque R2 represente H, R6 represente un radical (CH2) m SiR7RsR9 
ou un radical alkyle lineaire ou ramifie comptant de 7 & 12 atomes de carbone ; 

ou sel dudit produit. 

2* Produit selon la revendication 1, caracterise en ce que R$ represente un radical 
(CH 2 ) m SiR7R8R9. 



3. Produit selon la revendication 1 ou 2, caracterise en ce que R\ repr6sente un radical 
ethyle. 
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4. Produit caract6ris6 en ce qu'il s'agit d'un des produits suivants : 

- (5/?)-5-ethyl-l l-fluoro-5-hydroxy-4,5,13,15-t6trahydro-l^,3//- 
ox6pino[3 , ,4 , :6,7]indolizino[l,2-fc]quinol6ine-3,15-dione ; 

- (5/f)-5-ethyl-9-fluoro-5-hydroxy-4,5, 13,1 5-t<Strahydro- \H f 3H- 
5 oxepino[3',4' :6,7]indolizino[ 1 ,2-fc]quinol6ine-3, 1 5-dione ; 

- (5/f)-5-ethyl-8-fluoro-5^ 

ox^pinotS'^'^^JindolizinoC 1 ,2-£]quinoleine-3, 1 5-dione ; 

- (5/f )- 1 2-benzyl-5-ethyl-5-hydroxy-4,5, 1 3, 15-t<5trahydro- IH^H- 
ox6pino[3\4' :6,7]indolizino[ 1 ,2-Z>]quinoleine-3, 1 5-dione ; 

10 - (5/?)-12-butyl-5-dthyl-5-hydroxy-4,5 ,13 ,15-t<5trahydro-l#,3/7- 
ox6pino[3\4':6,7]indolizino[ 1 ,2-2?]quinol6ine-3, 1 5-dione ; 

- (5tf)-5,12-di6thyl-5-^ 

oxepinoIS'^'^^indolizinot 1 ,2-£]quinol&ne-3, 1 5-dione ; 

- (5/?)-5-6thyl-5-hydroxy- 1 2-ph6nyl-4,5, 13, 1 5-t6trahydro- 1H \3H- 
15 ox^pinoIS'^'^^lindolizinofl^-frlquinol^ine-SJS-dione ; 

- (5/f)- 12-cyclohexyl-5-ethyl-5-hydroxy-4,5, 1 3, 15-t6trahydro- 1H 9 3H- 
oxepino[3',4' :6,7]indolizino[ 1 ,2-£]quinol6ine-3, 1 5-dione ; 

- (5/?)-5-6thyl-5-hydroxy- 1 2-(4-methylph6nyl)-4,5, 13,1 5-t6trahydro- 1H \3H- 
ox6pino[3',4' :6,7]indolizino[ 1 ,2-fc]quinol6ine-3, 1 5-dione ; 

20 - (5/f)- 1 0-chloro-5-ethy 1- 12-(2-fluorophenyl)-5-hy droxy- 1 2-(4-methylphenyl)- 
4,5,13, 15-t€trahydro-l#,3/f-ox6pin^ 
dione ; 

- (5/?)-5-ethyl-9, 1 0-difluoro-5-hy droxy- 1 2-ph<5nyl-4,5 ,13,1 5-t<5trahy dro- 1H,3H- 
ox^pinoP'^'^^lindolizinoC 1 ,2-Z>]quinol6ine-3, 1 5-dione ; 

25 - (5/?)-5-ethyl-9-fluoro-5-^ 

oxepino[3\4':6,7]indoUzino[l,2-^]qiiinol6ine-3,15-dione ; 

- (5/f)- 1 2-butyl-5-6thyl-9, 1 0-difluoro-5-hy droxy-4,5, 13,1 5-tetrahydro- l//,3/J- 
ox6pino[3',4 f :6,7]indolizino[ 1 ,2-Z?]quinol6ine-3, 1 5-dione ; 



# # 

- (5/?)- 12-benzyl-5-6thyl-9, 1 0-difluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 1^,3/^- 
oxfipinoP'^^JlindolizinoCl^-fclquinoleine-SJS-dione ; 

- (5/?)-5-€thyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- 1 H 9 3H- 
oxepino[3\4':6,7]indolizino[ 1 ,2-£]quinol6ine-3, 15-dione ; 

- (5/?)-5J2-di<Sthyl-9J0-&^ 

ox£pino[3\4':6,7]indolizino[ 1 ,2-£]quinol6ine-3, 15-dione ; 

- (5/?)-5^thyl-9J0-difluoro-5^ 

l/f3H-oxepino[3\4':6,7]indolizino[l,2-fr]quinoleine-3 > 15-dione ; 

- (5/?)-5-€thyl-9,l l-difluoro-5-hydroxy-4,5,13,15-tetrahydro-l//,3//- 
ox^pinofS'^'^^jindolizinoCl^-fclquinol^ine-S, 15-dione ; 

- (5/?)-12-butyl-5-£thyl-9,l l-dtfluoro-5-hydroxy-4,5,13 ,15-t6trahydro-l/f,3//- 
ox6pino[3\4':6,7]indolizino[ 1 ,2-fc]quinol6ine-3, 1 5-dione ; 

- (5/f)-5,12-di<Sthyl-9,l l-difluoro-5-hydroxy-4,5,13 ,15-t<Strahydro-l/f,3//- 
ox^pinotS'^'^JJindolizinoC 1 ,2-£]quinol6ine-3, 15-dione ; 

- (5/?)-5-6thyl-5-hydjoxy-12-propyl^5J3J5-tetrahydro-l//3H- 
oxdpinoES'^'^JJindolizinoC 1 ,2-fc]quinol6ine-3, 1 5-dione ; 

- (5/0-5-&hyl-5-hydroxy-12-(2-t^ 

oxdpinotS'^'^^lindolizinoC 1 ,2-fr]quinol6ine-3, 1 5-dione ; 

- (5R)- 1 2-butyl-5-dthyl-9-fluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- 1 //,3H- 
ox^pinotS'^'^JJindolizinoCl ,2-fe]quinol6ine-3, 15-dione ; 

- (5R)-5, 12-diethyl-9-fluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- l^,3if- 
oxdpinoIS'^'iejlindolizinoCl^-fclquinol^ine-S, 15-dione ; 

-(5/?)-5-ethyl-5-hydroxy- 1 2-isopentyl-4,5, 13, 1 5-tetrahydro- 1/f ,3tf-ox6pino 
[S'^'^jTlindolizinoCl^-^quinol^ine-S, 15-dione ; 

- (5R )-5-<Jthyl- 12-(4-fluoroph6nyl)-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- li/,3Jf-ox6pino 
[3 > 9 4 > :6 9 7]indolizino[ 1 ,2-i>]quinol6ine-3 , 1 5-dione ; 

- (5R)- 1 2-(2,6-difluorophenyl)-5-ethyl-5-hydroxy-4,5, 13,1 5-tetrahydro- 1/f ,3#-oxepino 
[3',4*:6,7]uidoliziiio [ 1 ,2-£]quinoldine-3 , 1 5-dione ; 
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- (5fl)-12-(3,5-difluorophenyl)-5-e^^ 
ox^pinotS'^'re^lindolizinotl^-^quinoleine-S, 15-dione ; 

- (5#)-5-6thyl-5-hydroxy-12-^ 

ox6pino[3\4^6,7]indolizino[l,2-fc]quinol6ine-3, 15-dione ; 

5 - (5#)-5-&hyl-5-hydroxy-12-(2,4,6-tri^^ 

ox^pinotS'^'^^lindolizinoI l,2-fc]quinol6ine-3, 15-dione ; 

- (5/?)-5-6thyl-5-hydroxy-12-(2,3^ 
ox^pinoIS'^'^^lindolizinofl^-fclquinolSine-S, 15-dione ; 

- (5/?)-5-6thyl-5-hydroxy-12-(2,3,4,5^ 

1 0 1 //,3if-ox6pino[3 \4' :6,7]indolizino [ 1 ,2-Z?]quinoleine-3 , 1 5-dione ; 

- (5/?)-5-6thyl-9-fluoro-12-(4-flu^^ 

lH3^-oxepino[3\4^6,7]indolizino[l,2-*]quinol6ine-3, 15-dione ; 

- (5R)- 1 2-(2,6-difluoroph6nyl)-5-6thyl-9-fluoro-5-hydroxy-4,5, 13, 1 5-t^trahydro- 
l//3^-oxepino[3\4 , :6J]indolizino[l,2-*]quinoldine-3,15-dione ; 

15 -(5/?)-12-(3,5-difluoroph6nyl)-5-6thyl-9-fluoro-5-hydroxy-4,5,13^ 
l//,3^-ox6pino[3 , ,4 , :6,7]indolizino[l,2-fc]quinol6ine-3, 15-dione ; 

- (5/?)-5-6thyl-9-fluoro-5-hydr^^^ 

l//,3i/-ox6pino[3\4':6,7]indolizino[ 1 ,2-fc]quinol6ine-3, 15-dione ; 

- (5/?)-5-6thyl-9-fluoro-5-hydroxy- 1 2-(2,4,6-trifluoroph6nyl)-4,5 ,13,1 5-tetrahydro- 
20 li/^H-oxdpinotS'^'^^JindolizinoIl ,2-fc]quinoleine-3, 15-dione ; 

- (5/?)-5-ethyl-9-fluoro-5-hy droxy- 1 2-(2,3 ,5 ,6-t&rafluorophenyl)-4,5, 13,1 5-tetrahydro- 
1 H ,3//-ox6pino [3 ',4' : 6,7]indolizino [ 1 ,2-fc]quinol€ine-3 , 1 5-dione ; 

- (5/?)-5-6thyl-9-fluoro-5-hydroxy-l 2-(2,3 A5,6-pentafluoroph6nyl)- 
4,5, 1 3 , 1 5-tetrahydro- li^H-oxepinoP^'rejlindolizinot 1 ,2-£]quinol6ine- 

25 3, 15-dione ; 

- (5/?)-5-6thyl-9, 1 0-difluoro- 1 2-(4-fluoroph6nyl)-5-hydroxy-4,5, 13,1 5-t6trahydro- 
lH.Sif-ox^pino^^^^JindolizinoI 1 ,2-i>]quinoleine-3, 1 5-dione ; 

- (5R)- 1 2-(2,6-difluoroph6nyl)-5-<5thyl-9, 1 0-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 
1 /f ,3H-ox6pino [3 ' ,4' : 6,7] indolizino [ 1 ,2-fc ] quinoleine- 3 , 1 5-dione ; 



£ 0 

- (5R)- 1 2-(3,5-difluorophenyl)-5-ethyl-9 , 10-difluoro-5-hydroxy-4,5, 13, 1 5-tetrahydro- 
li/3/f-oxepmo[3\4 , :6,7]indoUzino[l,2-fc]quinoieiiie-3,15-dione ; 

- (5tf)-5-ethyl-9J0-dmuoro 

tetrahydro- l//,3//-oxepino[3\4 , :6,7]indolizino[ l,2-fc]quinoleine-3, 1 5-dione ; 

- (5/?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 12-(2,4,6-trifluoroph6nyl)- 

4,5 , 1 3 , 1 5-t6trahydro- li/,3i/-ox6pino[3\4':6,7]indoUzino[ 1 ,2-fc]quinoleine- 
3,1 5-dione ; 

-(5/f)-5-ethyl-9,10^fluoro-5-hy<koxy-12-(2,3,5,6-t6trafluorophenyl)- 
4,5 , 1 3, 1 5-t6trahyd^o- l//,3H-ox6pino[3\4 , :6,7]indoUzino[l ^-^Iquinolfiine- 
SJS-dione ; 

- (5/?)-5-&hyl-9,10-difluoro-5-hydroxy-^ 

tetrahydro- li/.S/Z-ox^pinoIS'^'^^lindolizinoI 1 ,2-fc]quinol6ine-3, 1 5-dione ; 

- (5/f)-5-&hyl-9, 1 1 -difluoro- 1 2-(4-fluoroph6nyl)-5-hydroxy-4,5, 13,1 5-t6trahydro- 
1 H ,3H-ox6pino [3 ',4* : 6,7] indolizino [ 1 ,2-b] quinol6ine-3 , 1 5-dione ; 

- (5/?)- 1 2-(2,6-difluoroph£nyl)-5-6thyl-9, 1 1 -difluoro-5-hy droxy-4,5, 13,1 5-t€trahydro 
l/^Sif-ox^pinoCS'^^Jlindolizinotl ,2-fc]quinol6ine-3,l 5-dione ; 

- (5tf)-12-(3,5-difluoroph6nyl)-5-6^ 

1/f ,3H-oxepino[3\4':6,7]indolizino[l ,2-fe]quinol6ine-3,15-dione ; 

- (5/?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-(3,4,5-trifluoroph6nyl)- 
4,5,13,15-t6trahydro-l#,3^ox6pi^^^ 

3,1 5-dione ; 

- (5/f)-5-6thyl-9,l l-difluoro-5-hydroxy-12-(2,4,6-trifluoroph6nyl)- 

4,5 , 1 3, 1 5-tetrahydro- li/^/Z-oxepinoP'^'rejlindolizinot 1 ,2-fe]quinol6ine- 
3,1 5-dione ; 

- (5/?)-5-6thyl-9,l l-difluoro-5-hydroxy-12-(2,3,5,6-tetrafluorophenyl)- 
4,5,13,15-t<Strahydro-liJ,3Jf-ox^^ 

3,1 5-dione ; 

- (5fl)-5-ethyl-9,l l-difluoro-5-hydroxy-12-(2,3,4,5,6-pentafluordphenyl)- 
4,5 , 1 3 , 1 5-tetrahydro- 1 i/,3^ 

3,1 5-dione ; 
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- (5/?)-5-6thyl-9-fluoro-5-hydroxy- 12-propyl-4,5, 13 ,15-t6trahydro-l^T,3^-oxdpino 
[S'^'^^lindolizinotl^-^quinoleine-SJS-dione ; 

- (5/0-5-ethyl-9-fluoro-5-hydrox 

IH ,3/f-ox6pino[3',4':6 ,7]indolizino[l ,2-Z>]quinol<5ine-3,l 5-dione ; 

5 - (5/?)-5-6thyl-9-fluoro-5-h^ 

[3\4':6,7]indolizino[l,2-£]quinol6ine-3, 15-dione ; 

- (5/$-5-&hyl-9-fluoro-5-hy droxy- 1 2-pentyl-4,5, 13,1 5-tetrahydro- 1 i/,3//-ox6pino 
[S'^'^JJindolizinotl^-^quinoleine-S^S-dione ; 

- (5/f)-5-6thyl-9-fluoro-5-hydroxy- 1 2-ph6uJthyl-4,5, 13,1 5-t<§trahydro- l#,3i/-oxdpino 
10 [S'^'^Jlindolizinotl^-^quinol^ine-S, 15-dione ; 

- (5/?)- 1 2-d6cyl-5-dthyl-9-fluoro-5-hydroxy-4,5, 13,1 5-t<5trahydro- 1H ,37/- 
ox6pino[3',4':6,7]indolizino[ 1 ,2-&]quinoleine-3, 1 5-dione ; 

- (5/?)-12-(2-cyclohexyl6thyl>^ 

l//,3/f-ox6pino[3\4*:6,7]indolizino[l,2-*]quinol6ine-3,15-dione ; 

15 - (5/?)-12-(3,3-dim&hylbu^^ 

lH,3/7-ox6pino[3\4 , :6,7]indolizino[l,2-fc]quinol6ine-3, 15-dione ; 

- (5/J)-5-6thyl-9,10-difluoro-5-hydroxy-12-propyl-4,5,13, 15-t^trahydro- 
lf/^/f-ox^pinofS'^'iejlindolizinotl ,2-Z?]quinoleine-3, 15-dione ; 

- (5/J)-5-6thyl-9,10-difluoro-5-hydroxy-12-(3,3,3-trifluoropropyl)-^ 

20 tetrahydro- l//,3//-oxepino[3',4 , :6,7]indolizino[ 1 ,2-Z>]quinol6ine-3, 1 5-dione ; 

- (5/?)-5-&hyl-9, 10-difluoro-5-hydroxy-l 2-isopentyl-4,5,13, 15-t6trahydro- 
1 i/,37/-oxepino [3 ' ,4* : 6,7 ] indolizino [ 1 9 2-b] quinol£ ine-3 , 1 5-dione ; 

- (57f)-5-6thyl-9, 10-difluoro-5-hy droxy- 12-pentyl-4,5 , 1 3 , 1 5-t6trahydro- 
lH^Tf-oxSpinoP^'^JJindolizinoi;! ,2-fc]quinol6ine-3,l 5-dione ; 

25 - (5/J)-5-€thyl-9,10-difluoro-5-hydroxy-12-ph6n6thyl-4,5, 13,15-t6trahydro- 
li/,3/f-ox6pino[3\4 , :6,7]indolizino[l ,2-*]quinol6ine-3, 15-dione ; 

- (5/0-12-d&yl-5-<5thyl-9,10-dffl^ 

lH,3if-ox6pino[3\4 , :6,7]indolizino[l,2-Z?]quinoleine-3, 15-dione ; 



# ... # 



- (5R)~ 1 2-(2-cyclohexyl&hyl)-5-<$thyl-9, 1 0-difluoro-5-hydroxy-4,5, 13,1 5-t&rahydro- 
l//,3^-ox6pino[3 , ,4 , :6 ,7]indoUzino[l,2-fc]quinoleine-3, 15-dione ; 

- (5/?)- 1 2-(3,3-dimetbylbutyl)-5-ethyl-9, 10-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 
l^,3//-ox6pino[3^4 , :6,7]indolizino[l,2-fc]quinoleine-3,15-dione ; 

- (5/?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-propyl-4,5,13,15-t6trahydro 
li/,3/f-oxepino[3 , ,4 , :6,7]indolizino[ 1 ,2-fe]quinoleine-3, 1 5-dione ; 

- (5/J)-5-6thyl-9Jl^ifluoix)-5-hydroxy-12-(3,3,3-trifluoropropyl)^ 
tetrahydro- l//,3/f-oxepino[3\4':6,7]indolizino[l ,2-fc]quinol6ine-3,l 5-dione ; 

- (5/?)-5-£thyl-9,l l^ifluoro-5-hydroxy-12-isopentyl-4,5,13,15-t6trahydro- 
l/Z^JZ-ox^pinotS^rejlindolizinoIl ,2-fc]quinoleine-3, 15-dione ; 

- (5tf)-5-£thyl-9,l l-difluoro-5-hydroxy-12-pentyl-4,5,13,15-t6trahydro- 
l/f^/T-oxepinoP'^^ejlindolizinoIl^-fclquinol^ine-S, 15-dione ; 

- (5/J)-5-ethyl-9,l l-difluoro-5-hydroxy-12-phen6thyl-4,5,13,15«tetrahydro- 
l/^S/Z-oxepinoP'^'^^lindolizinon ,2-fe]quinoleine-3, 15-dione ; 

- (5/f)- 1 2-decyl-5-6thyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3 , 1 5-t6trahydro- 1^,3//- 
ox^pinofS'^'rejlindolizinotl^-^quinolfiine-S, 15-dione ; 

- (5/f)-12-(2-cyclohexyl6thyl)-5-ethyl-9,l l-difluoro-5-hydroxy-4,5,13,15-t6trahydro- 
l/f,3i/-ox6pino[3\4 , :6,7]indolizino[l,2-fr]quinol€ine-3,15-dione ; 

- (5/f)-12-(3,3-dim6thylbutyl)-5-^thyl-9,l l-difluoro-5-hydroxy-4,5,13,15-t6trahydro- 
l/f^/f-oxfipinoCS'^'^Jlindolizinofl^-^quinoleine-S, 15-dione ; 



ou d'un sel dudit produit. 
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5, Produit selon la revendication 4, caracteris6 en ce qu'il s'agit d'un des produits 
suivants : 

- (5/Q-12-butyl-5-<5thyl-5-h^^ 

ox6pino[3\4':6,7]indolizino[l ,2-fc]quinol6ine-3, 15-dione ; 

- (5R)-5 ,12-diethyl-5-hydroxy-4,5, 13,15-t6trahydro-lH,3ff- 
ox6pino[3 , ,4 , :6,7]indolizino[l,2-*]quinol6ine-3, 15-dione ; 

- (5i?)-5-6thyl-5-hydroxy- 1 2-phdnyl-4,5, 13,1 5-tetrahydro- IH 9 3H- 
oxepinoP'^^JJindolizinoCl^-fclquinoleine-S, 15-dione ; 

- (5/f)-5-6thyl-9J0-difluoro 

ox6pino[3 , ,4 , :6,7]indolizino[l,2-*]quinol6ine-3, 15-dione ; 

- (5*)-12-butyl-5-6thy^ 

ox6pino[3\4':6,7]indolizino[ 1 ,2-Z>]quinoleine-3, 15-dione ; 

- (5/f)-5-6thyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5, 13,1 5-tetrahydro- lH,3ff- 
ox^pino[3 , ,4 , :6,7]indolizino[l,2-fc]quinol6ine-3,15-dione ; 

- (5tf)-5,12-di6thyl^ 

oxdpinoP'^^ejlindolizinoCl^-fclquinoldine-S^S-dione ; 

- (5/?)-5-dthyl-9,10-difluoro-5^ 

l//,3H-ox6pino[3 , ,4 , :6,7]indolizino[l,2-^]quinol6ine-3,15-dione ; 

- (5R)-5 , 1 2-di&hyl-9, 1 1 -difluoro-5-hy droxy-4,5, 13,1 5-t6trahydro- 1 H ,3i/- 
ox^pinoP'^iejlindolizinotl^-fcJquinol^ine-S, 15-dione ; 

- (5/?)-5-6thyl-5-hydroxy-12-^ 

oxepinotS'^'rejlindolizinoCl^-^quinoleine-S^S-dione ; 

- (5/f)-12-butyl-5-6thyl-9-fluoro^^ 

oxepinoP'^'^Jlindolizinofl^-fclquinol^ine-S^S-dione ; 

- (5/0-5,12-di6thyl-9-fluoro-5^^ 

oxepinolS'^'rejlindolizinofl ,2-fc]quinol6ine-3,15-dione ; 
ou d'un sel dudit produit. 



6. Produit selon la revendication 5, caract6ris6 en ce qu'il s'agit d'un des produits 
suivants : 

- (5R)- 1 2-butyl-5-6thyl-5-hydroxy-4,5, 13, 1 5-t6trahydro- li/,3//- 
ox6pino[3\4\*6J]indolizino[l,2-*]qiiinoleine-3,15-dione ; 

- (5*)-5-ethyl-9,10-difluoro^^ 

ox6pino[3\4':6,7]indolizino[ 1 ,2-fc]quinoleine-3 , 1 5-dione ; 

- (5/?)- 1 2-butyl-5-6thyl-9, 1 0-difluoro-5-hydroxy-4,5, 13,1 5-t6trahydro- li/,3/7- 
oxdpino[3',4':6,7]indolizino[ 1 ,2-Z>]quinol6ine-3 , 1 5-dione ; 

- (5/?)-5HJthyl-9,10-difluoro 

ox6pino[3 , ,4 , :6,7]indolizino[l,2-fc]quinol6ine-3,15-dione ; 

- (5/Q-5, 1 2-di6thyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- lH,3/f- 
oxgpinoP'^'rejlindolizinofl^-^quinoleine-S.lS-dione ; 

- (5/?)-5-&hyl-9, 1 0-difluoro-5-hydroxy- 12-(2-trim6thylsilyl&hyl)-4,5, 13,1 5-t6trahydro- 
lH,3//-oxepino[3\4 , :6,7]indolizino[l,2-fr]quinol6ine-3,15-dione ; 

- (5/?)-5,12-di&hyl-9,l l-difluoro-5-hydroxy-4,5,13,15-t6trahydro-17/,3H- 
ox6pino[3^4':6,7]indolizino[l ,2-fc]quinol6ine-3, 15-dione ; 

- (5/?)-12-butyl-5-ethyl-9-fluoro-5^^ 
ox^pinoP'^'rejJindolizinof 1 ,2-£]quinol6ine-3 , 1 5-dione ; 

- (5/?)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- l//,3//- 
oxepino[3',4':6,7]indolizino[ 1 ,2-Z>]quinoleine-3, 1 5-dione ; 

ou d'un sel dudit produit. 

7. Proc&te de preparation d'un produit de formule g6n£rale (I), 
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dans laquelle 

Rl repr£sente un radical alkyle infdrieur ; 

R2> R3» R4 et R5 representent, independamment, H ou un atome halogene ; 

R6 represente H, un radical alkyle lineaire ou ramifie comptant de 1 k 12 

atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inf&ieur, 
hydroxy alkyle infgrieur, nitro ou (CH2) m SiR7RgR9, ou encore un 
radical aryle, ou aryle alkyle inferieur, substitud ou non substitu£ sur le 
groupe aryle, dans lequels le substituant est un alkyle infSrieur, un 
groupe hydroxy ou un atome halogfene ; 

R7, R8 et R9 representent, independamment, H ou un radical alkyle lineaire ou 
ramifie comptant de 1 k 6 atomes de carbone ; 

m est un nombre entier compris entire 0 et 6 ; 

caract£ris6 en ce que Ton traite un compose de formule 



R 5 




(IV) 

dans laquelle Ri, R2, R3, R4 et R5 ont la signification indiquee ci-dessus, dans un milieu 
fortement acide, en presence d'un sel de fer (HI) et d'un prdcurseur du radical libre R6 # , 
de preference R^-CHO, par une solution contenant des radicaux hydroxyde ou alkoxyde. 

8. A titre de medicament, produit selon Tune quelconque des revendications 1 k 6, ou 
sel pharmaceutiquement acceptable dudit produit . 

9. Composition pharmaceutique contenant, k titre de principe actif, au moins un 
compose selon Tune des revendications 1 & 6. 

10. Utilisation d'un compose selon Tune des revendications 1 & 6 pour la preparation de 
medicaments antitumoraux. 



11. Utilisation d'un compost selon Tune des revendications 1 & 6 pour la preparation de 
medicaments antiviraux. 

12. Utilisation d'un compose selon Tune des revendications 1 a 6 pour la preparation de 
medicaments antiparasitaires. 




La prgsente demande a pour objet une nouvelle famille d'analogues /J-hydroxylactoniques 
de la camptothdcine de formule g£n£rale (I) d£crite plus loin. Elle a aussi pour objet des 
nouveaux analogues /J-hydroxylactoniques de la carnptoth£cine dont Tactivitfi biologique, 
exprimte par exemple en termes de concentrations inhibitrices de la proliferation de 
5 colonies cellulaires turn or ales, est, de fa?on inattendue, sup6rieure k Factivitfi des 
composes d6jk connus. Enfin, elle a pour objet les composes pi€c6demraent cit6s k titre 
de medicaments, leur utilisation pour fabriquer des medicaments ainsi que les 
compositions pharmaceutiques les contenant 

L'invention conceme tout d'abord les composes de formule g€n6rale (I) 



10 




dans laquelle 

Rl reprdsente un radical alkyle inferieur ; 

R2» R3* R4 et R5 representent, ind£pendamment, H ou un atome halog&ne ; 

R$ represents H, un radical alkyle lin6aire ou ramifie comptant de 1 & 12 

15 atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inferieur, 

hydroxy alkyle inferieur, nitro ou (CH2)mSiR7RgR9, ou encore un 
radical aryle, ou aryle alkyle inferieur, substitu6 ou non substitu6 sur le 
groupe aryle, dans lequel le substituant est un alkyle inferieur, un 
groupe hydroxy ou un atome halog&ne ; 
20 R7, Rg et R9 representent, independamment, H ou un radical alkyle lin£aire ou 

ramifie comptant de 1 k 6 atomes de carbone ; 

m est un nombre entier compris entre 0 et 6 ; 

etant entendu que lorsque R3 et R4 representent deux atomes de fluor ou deux atomes 
d'hydrogSne, R$ ne represente pas H ; 



25 ou les sels de ces derniers. 



Les composes de f ormule (I) 
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»5 



*6 



o 



OH 



(I) 



dans laquelle 
Ri 



nepr&ente un radical alkyle inf&rieur ; 



R2> R3» R4 et R5 repr&entent, ind6pendamment, H ou un atome halogfene ; 



atomes de carbone, un radical cycloalkyle, cycloalkyle alkyle inf&ieur, 
hydroxy alkyle inf&ieur, nitro ou (CH2) m SiR7R8R9> ou encore un 
radical aryle ou aryle alkyle inf£rieur, substitu6 ou non substitu£ sur le 
groupe aryle, dans lequels le substituant est un alkyle infSrieur, un 
groupe hydroxy ou un atome halogfene ; 



R7, R8 et R9 reprgsentent, indfipendamment, H ou un radical alkyle lin£aire ou 
ramifi£ comptant de 1 h 6 atomes de carbone ; 



peuvent aussi 8tre obtenus par un proc6d6 nouveau, caractfirisd en ce que Ton traite un 
compost de formule 



R6 



repr&ente H, un radical alkyle lindaire ou ramifi£ comptant de 1 k 12 



m 



est un nombre entier compris entre 0 et 6 ; 




OH 



(IV) 
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New optically pure analogues of camptothecin 
and their preparation process 



Camptothecin is a natural compound which has been isolated for the first time from the 
leaves and the bark of the Chinese plant called camptotheca acuminata (see Wall et al. 

5 J. Amer. Chem. Soc. 88:3888 (1966)). Camptothecin is a pentacyclic compound 
constituted by an indolizino[l 3 2-b]quinoline fragment fused with an a-hydroxylactone 
with six members. The carbon in position 20 which carries the a-hydroxy group is 
asymmetrical and confers a rotatory power on the molecule. The natural form of 
camptothecin has an absolute "S" configuration as regards the carbon 20 and 

10 corresponds to the following formula:: 




Camptothecin has an anti-proliferative activity in several cancerous cell lines, including 
the cell lines of human tumors of the colon, lung and breast (Suffhess, M et al: The 
Alkaloids Chemistry and Pharmacology, Bross A., ed., Vol. 25, p. 73 (Academic Press, 
15 1985)). It is suggested that the anti-proliferative activity of camptothecin is related to its 
inhibitory activity on DNA topoisomerase I. 

It has been indicated that oc-hydroxylactone was an absolute requirement both for the in 
vivo and in vitro activity of camptothecin (Camptothecins: New Anticancer Agents, 
Putmesil, M et al, ed., p. 27 (CRC Press, 1995); Wall M. et al, Cancer Res. 55:753 
20 (1995); Hertzberg et al, J. Med. Chem. 32:715 (1982) and Crow et al, J. Med. Chem. 
35:4160 (1992)). More recently, the Applicant has perfected a new class of analogues of 
camptothecin, in which (3-hydroxylactone replaces the natural a-hydroxylactone of 
camptothecin (cf Patent Applications WO 97/00876, WO 98/28304 and WO 
98/28305). 

25 A subject of the present Application is a new family of P-hydroxylactonic analogues of 
camptothecin of the general formula (I) described below. A subject is also new (3- 



THIS PAGE BLANK (uspto) 



i 



-2- 

hydroxylactonic analogues of camptothecin, the biological activity of which, expressed 
for example in terms of inhibitory concentrations on the proliferation of tumoral cell 
colonies, is, unexpectedly, superior to the activity of compounds which are already 
known. Finally, a subject of the invention is the compounds previously mentioned as 
medicaments, their use for the production of medicaments as well as pharmaceutical 
compositions containing them. 

The invention firstly relates to the compounds of general formula (I) 




OH 

(I) 



in which 

Rj represents a lower alkyl radical; 

R 2 , R 3 , R 4 and R 5 represent, independently, H or a halogen atom; 

R 6 represents H, a linear or branched alkyl radical 



containing 1 to 1 2 carbon atoms, a cycloalkyl, lower 
cycloalkyl alkyl, lower hydroxy alkyl, nitro or 
(CH 2 ) m SiR 7 R 8 R9 radical, or also an aryl, or lower 

aryl alkyl radical, substituted or non substituted on 
the aryl group in which the substituent is a lower 
alkyl, a hydroxy group or a halogen atom; 
R 7 , R 8 and R 9 represent; independently, H or a linear or branched 

alkyl radical containing 1 to 6 carbon atoms; 
m is an integer comprised between 0 and 6; 

it being understood that when R 3 and R 4 represent two fluorine atoms or two hydrogen 
atoms, R 6 does not represent H; 

or the salts thereof 

By lower alkyl radical is meant in the present Application a linear or branched alkyl 
radical containing 1 to 6 carbon atoms. The term cycloalkyl designates a ring with 3 to 
7 carbons, such as for example the cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl 
groups. The term aryl designates a mono-, di- or tricyclic hydrocarbon compound with 



) 



THIS PAGE BLANK (uspto) 



at least one aromatic ring, each ring containing a maximum of 7 members, such as for 
example phenyl, naphthyl, anthracyl, biphenyl or indenyl. The term halo signifies 
chloro, bromo, iodo or fluoro. The terms lower cycloalkyl alkyl, lower hydroxy alkyl 
and lower aryl alkyl refer to radicals in which the alkyl chain can be linear or branched 
5 and contains 1 to 6 carbon atoms. 

The invention relates in particular to the compounds of general formula (II) 




(II) 

in which 

Rj represents a lower alkyl radical; 

10 R 2 , R 3 , R 4 and R 5 represent, independently, H or a halogen atom; 

R 6 represents H, a linear or branched alkyl radical 

containing 1 to 12 carbon atoms, a cycloalkyl, lower 
cycloalkyl alkyl, lower hydroxy alkyl, nitro or 
(CH 2 ) m SiR 7 R g R 9 radical, or also an aryl, or lower 

15 aryl alkyl radical, substituted or non substituted on 

the aryl group in which the substituent is a lower 
alkyl, a hydroxy group or a halogen atom; 
R 7 , R 8 and represent, independently, H or a linear or branched 

alkyl radical containing 1 to 6 carbon atoms; 
20 m is an integer comprised between 0 and 6; 

it being understood that when R 2 represents H, R 6 represents a (CH 2 ) m SiR 7 R 8 R 9 radical 
or a linear or branched alkyl radical containing 7 to 1 2 carbon atoms; 

or the salts thereof. 



The invention relates more particularly to the compounds of general formula (III) 



i 

\ 

r 
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OH 



(III) 



in which 



5 R 6 



m 



R 2 , R 3 , R 4 and R 5 



R 7 , R 8 and R 9 



represents a lower alkyl radical; 

represent, independently, H or a halogen atom; 

represents (CH 2 ) m SiR 7 R g R 9 ; 

represent, independently, H or a linear or branched 
alkyl radical containing 1 to 6 carbon atoms; 
is an integer comprised between 0 and 6; 



or the salts thereof. 

10 Particularly preferred compounds for the invention are those for which Rj represents an 
ethyl radical, as well as those for which R 3 represents a halogen atom and in particular a 
fluorine atom. 

The invention relates in particular to the following compounds described in the 
examples: 

15 - (5i?)-5-ethyl-l l-fluoro-5-hydroxy-4,5,13,15-tetrahydro-l^,3i/- 
oxepinofS^^ie^Jindolizinotl^-^quinoline-SjlS-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- l/f,3//- 
oxepino[3',4 , :6,7]indolizino[l,2-6]quinoline-3,15-dione; 

- (5i?)-5-ethyl-8-fluoro-5-hydroxy-4,5,l 3, 1 5-tetrahydro- li/, 3//- 
20 oxepino[3^4^6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)- 1 2-benzyl-5-ethyl-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 H,3H- 
oxepino[3 , ,4':6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 



- (57?)- 1 2-butyl-5-ethyl-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1//, 3//- 
oxepinop 1 ^^, 7] indolizino[l,2-6]quinoline-3,l 5-dione; 



j 
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- (57?)-5, 1 2-diethyl-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 1// 3 3//- 
oxepino[3 ! ,4':6,7]indolizino[l 5 2-6]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-5-hydroxy- 1 2-phenyl-4,5, 13,1 5-tetrahydro- 1 H y 3H- 
oxepino[3 ! ,4':6 5 7]indolizino[l 3 2-6]quinoline-3 5 15-dione; 

- (57?)- 1 2-cyclohexyl-5-ethyl-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1//,3//- 
oxepino[3 , ,4':6,7]indolizino[l 5 2-fc]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-5 -hydroxy- 1 2-(4-methylphenyl)-4,5 ,13,1 5-tetrahydro- 1 H,3H- 
oxepino[3\4^6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 

- (57?)- 1 0-chloro-5 -ethyl- 1 2-(2-fluorophenyl)-5-hydroxy- 1 2-(4-methylphenyl)- 
4,5,1 3,1 5-te1rahydro-l//,37/-oxepino[3\4 , :6,^^^ 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-phenyl-4,5, 1 3, 1 5-tetrahydro- IH, 3//- 
oxepino[3 ! ,4 l :6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)-5 -ethyl-9-fluoro-5 -hydroxy- 1 2-phenyl-4,5 ,13,15 -tetrahydro- 1 H, 3H- 
oxepinofS'^'^^lindolizinotl^-^quinoline-SjlS-dione; 

- (57?)- 1 2-butyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- li/,37/- 
oxepino[3',4 ! :6,7]indolizino[l,2-6]quinoline-3,15-dione; 

- (57?)- 1 2-benzyl-5 -ethyl-9, 1 0-difluoro-5 -hydroxy-4,5 , 13,1 5-tetrahydro- \H,3H- 
oxepino [3 , ,4' : 6,7] indolizino[ 1,2-6] quinoline-3 , 1 5 -dione; 

- (57?)-5 -ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5 , 13,1 5-tetrahydro- 1 H,3H- 
oxepino[3 f ,4':6,7]indolizino[ 1 ,2-6] quinoline-3, 1 5-dione; 

- (57?)-5, 1 2-diethyl-9, 1 0-difluoro-5 -hydroxy-4,5 , 13,1 5-tetrahydro- \H,3H- 
oxepino[3 , ,4':6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy-l 2-(2-trimethylsilylethyl)-4,5, 1 3, 1 5-tetrahydro- 
17/,3//-oxepino[3',4 f :6,7]indolizino[ 1 ,2-6] quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9,l l-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 177,37/- 
oxepino[3 t ,4 t :6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)- 1 2-butyl-5-ethyl-9, 1 1 -difluoro-5 -hydroxy-4,5, 1 3, 1 5-tetrahydro- 1 H,3H- 
oxepino[3',4 f :6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 
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- (5/?)-5, 1 2-diethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- XH,3H- 
oxepino[3 f 5 4':6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (5/?)-5-ethyl-5-hydroxy- 1 2-propyl-4,5, 1 3,1 5-tetrahydro- XH,3H- 
oxepino[3 ! 5 4':6 J 7]indolizino[ 1 ,2-Z>] quinoline-3, 1 5-dione; 

5 - (5#)-5-ethyl~5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5 ,13,1 5-tetrahydro- 1 H y 3H- 
oxepino[3 f ,4':6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

- (5R)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 7^,3//- 
oxepino[3',4':6,7]indolizino[l,2-Z)]quinoline-3,l 5-dione; 

- (5R)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5 , 1 3, 1 5-tetrahydro- 1/f, 3H- 
10 oxepino[3',4 t :6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

-(57?)-5-ethyl-5-hydroxy- 1 2-isopentyl-4,5, 1 3, 1 5-tetrahydro- l//,3i/-oxepino 
[S'^'^^lindolizinotl^-^quinoline-S,! 5-dione; 

- (5R)-5 -ethyl- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- l#,3//-oxepino 
[3 t ,4 , :6 3 7]indolizino[l,2-fe]quinoline-3,l 5-dione; 

1 5 . (57?)_ 1 2-(2,6-difluorophenyl)-5 -ethyl-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 //,3//-oxepino 
[3 , ,4 , :6,7]indolizino[l,2-ft]quinoline-3,l 5-dione; 

- (57?)-12-(3,5-difluorophenyl)-^ 

oxepino[ 3 ',4* : 6,7] indolizino [ 1 ,2 -b] quinoline-3 , 1 5 -dione; 

- (57?)-5-ethyl-5-hydroxy- 1 2-(3,4,5-trifluorophenyl)-4,5, 1 3, 1 5-tetrahydro- XH,3H- 
20 oxepino[3\4^6,7]indolizino[ 1 ,2-b] quinoline-3, 1 5-dione; 

- (5i2)-5-ethyl-5-hydroxy- 1 2-(2,4,6-trifluorophenyl)-4,5 , 13,1 5-tetrahydro- XH,3H- 
oxepino[3 , ,4 t :6,7]indolizino[ 1 ,2-b] quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-5-hydroxy-l 2-(2,3 5 5,6-tetrafluorophenyl)-4,5, 1 3, 1 5-tetrahydro- 1 H, 3H- 
oxepino[3 , ,4 l :6,7]indolizino[ 1 ,2-b] quinoline-3, 1 5-dione; 

25 - (5/?)-5-ethyl-5-hydroxy- 1 2-(2,3 ,4,5,6-pentafluorophenyl)-4,5, 1 3,1 5-tetrahydro- XH,3H- 
oxepino[3\4^6,7]indolizino[ 1 ,2-b] quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9-fluoro- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 
l//,3//-oxepino[3 ? ,4 f :6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 



t 
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- (5R)- 1 2-(2 J 6-difluorophenyl)-5-ethyl-9-fluoro-5-hydroxy-4,5 5 1 3, 1 5-tetrahydro- 1//,3//- 
oxepinotS'^^^Jindolizinofl^-fclquinoline-SjlS-dione; 

- (5/0-12-(3,5-difluorophenyl^ 

oxepino[3' J 4 , :6,7]indolizino[l 5 2-Z>]quinoline-3,15-dione; 

5 - (5/?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-(3 A5-trifluorophenyl)-4,5, 1 3, 1 5-tetrahydro- 
l//3//-oxepino[3\4^6 3 7]indolizino[l 5 2-fe]quinoline-3 ? 15-dione; 

- (5/?)-5-ethyl-9-fluoro-5-hydroxy-12-(2 s 4 5 6-trifluorophenyl)-4,5J3 ? 15-^^ 
l//3//-oxepino[3^4 f :6,7]indolizino[l 5 2-fe]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-9-fluoro-5 -hydros 

10 l//3i/-oxepino[3\4 t :6 J 7]indolizino[l 5 2-6]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy-l 2-(2,3 J 4,5,6-pentafluorophenyl)- 

4,5, 1 3, 1 5-tetrahydro- l//,3//-oxepino[3 , ) 4 , :6 5 7]indolizino[ 1 ,2-Z?]quinoline- 
3,15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro- 1 2-(4-fluorophenyl)-5 -hydroxy-4,5 , 13,15 -tetrahydro- 
1 5 l//,3i/-oxepino[3\4':6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (5R)- 1 2-(2,6-difluorophenyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
l^,3//-oxepino[3\4^6,7]indolizino[l,2-Z)]quinoline-3 5 15-dione; 

- (57?)- 1 2-(3,5-difluorophenyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
l J f/ 5 3i/-oxepino[3 l 5 4 t :6,7]indolizino[l ,2-Z>]quinoline-3,15-dione; 

20 - (572)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-(3,4,5-trifluorophenyl)-4,5, 1 3,1 5-tetrahydro- 
l/f,3i/-oxepino[3\4 , :6,7]indolizino[l,2-6]quinoline-3,15-dione; 

- (5i?)-5-ethyl-9,10-difluoro-5-hydroxy-12-(2,4 5 6-trifluorophenyl)- 
4,5,13,15-tetrahydro-l#,3i/-oxepino[3^^ 

3,15-dione; 

25 - (57?)-5-ethyl-9,10-difluoro-5-hydroxy-12-(2,3,5,6-tetrafluorophenyl)- 

4,5,1 3, 1 5-tetrahydro- l//,3//-oxepino[3\4^6,7]indolizino[ 1, 2-Z?]quinoline- 
3,15-dione; 



- (5^)-5-ethyl-9,10-difluoro-5-hydroxy-12-(2,3,4,5,6-pentafluorophenyl)-4,5,13J 
tetrahydro-l//,3//-oxepino[3\4^6,7]indolizino[l,2-6]quinoline-3,15-dione; 
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- (57?)-5-ethyl-9, 1 1 -difluoro- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 
l/Z^/Z-oxepinotS'^'^JJindolizinof 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)- 1 2-(2,6-difluorophenyl)-5-ethyl-9, 1 1 -difluoro-5 -hydroxy-4,5, 13,1 5-tetrahydro- 
l// 3 3//-oxepino[3',4 , :6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

5 - (57?)- 1 2-(3,5-difluorophenyl)-5-ethyl-9, 1 1 -difluoro-5 -hydroxy-4,5, 13,1 5-tetrahydro- 
l// 3 3^-oxepino[3',4':6,7]indolizino[l 3 2-A]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-(3 3 4,5-trifluorophenyl)- 

4,5, 1 3, 1 5-tetrahydro- 1 //,3//-oxepino[3 l ,4 t :6,7]indolizino[ 1 ,2-6]quinoline- 
3,1 5-dione; 

1 0 - (57?)-5-ethyl-9, 1 1 -difluoro-5 -hydroxy- 1 2-(2 5 4,6-trifluorophenyl)- 

4,5,13,15-telrahydro-l//,3//-oxepino[3\4 , :6,7]indolizino[l,2-6]quinoline- 
3,1 5-dione; 

- (57?)-5-ethyl-9, 1 1 -difluoro-5 -hydroxy- 1 2-(2,3,5,6-tetrafluorophenyl)- 
4,5, 1 3, 1 5-tetrahydro- l//,3//-oxepino[3',4':6,7]indolizino[ 1 ,2-6]quinoline- 

15 3,1 5-dione; 

- (57?)-5-ethyl-9, 1 1 -difluoro-5 -hydroxy- 1 2-(2,3,4,5,6-pentafluorophenyl)- 
4,5, 1 3, 1 5-tetrahydro- l^,3//-oxepino[3',4':6,7]indolizino[ 1 ,2-6]quinoline- 
3,1 5-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- 177,377-oxepino 
20 [3 , ,4 l :6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-(3 ,3,3-trifluoropropyl)-4,5, 1 3, 1 5-tetrahydro- 
l//,3//-oxepino[3',4':6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

- (5i?)-5-ethyl-9-fluoro-5-hydroxy-12-isopen1yl-4 5 5,13,15-tetrahydro-l// :i 3^-oxepino 
[3 f ,4':6,7]indolizino[ 1 ,2-6]quinoline-3,l 5-dione; 

25 - (57?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-pentyl-4,5 , 13,1 5-tetrahydro- l//,3//-oxepino 
[3\4':6,7]indolizino[ 1 ,2-£]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-phenethyl-4,5 , 13,1 5-tetrahydro- l//,3//-oxepino 
[3',4':6,7]indolizino[ 1 ,2-Z?]quinoline-3, 1 5-dione; 

- (57?)- 1 2-decyl-5-ethyl-9-fluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 1H,3H- 
30 oxepino[3',4':6 5 7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 
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- (57?)- 1 2-(2-cyclohexylethyl)-5-ethyl-9-fluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- 
l//3//-oxepino[3\4^6J]indolizino[l 5 2-6]quinoline-3 3 15-dione; 

- (57?)- 1 2-(3 5 3-dimethylbutyl)-5-ethyl-9-fluoro-5-hydroxy-4,5 5 1 3, 1 5-tetrahydro- 
l// 5 3//-oxepino[3^4\*6J]indolizino[l,2-ft]quinoline-3 3 15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5 3 1 3,1 5-tetrahydro- 
l// 3 3//-oxepino[3\4 f :6 5 7]indolizino[l,2-fe]quinoline-3,15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-(3 ,3 3 3-trifluoropropyl)-4 3 5 ,13,1 5-tetrahydro- 
l^ 3 3//-oxepino[3 t 3 4':6 3 7]indolizino[l 3 2-Z?]quinoline-3 3 15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-isopentyl-4,5, 1 3 3 1 5-tetrahydro- 
l/f 3 3//-oxepino[3^4 , :6 3 7]indolizino[l 3 2-fe]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy-l 2-pentyl-4,5, 1 3, 1 5-tetrahydro- 
li/ 3 3//-oxepino[3\4 l :6,7]indolizino[l 3 2-fe]quinoline-3 3 15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-phenethyl-4,5 , 13,1 5-tetrahydro- 
l/f 3 3//-oxepino[3\4^6 3 7]indolizino[l 3 2-Z>]quinoline-3 3 15-dione; 

- (57?)- 1 2-decyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5 3 1 3 3 1 5-tetrahydro- 
177,37/-oxepino[3\4':6 3 7]indolizino[l,2-fc]quinoline-3,15-dione; 

- (57?)- 1 2-(2-cyclohexylethyl)-5-ethyl-9 3 1 0-difluoro-5 -hydroxy-4,5 , 13,15 -tetrahydro- 
17/,3//-oxepino[3',4 t :6,7]indolizino[l,2-ft]quinoline-3,15-dione; 

- (57?)- 1 2-(3,3-dimethylbutyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
17/,3^-oxepino[3 , ,4 , :6,7]indolizino[l 3 2-Z>]quinoline-3 3 15-dione; 

- (57?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-propyl-4,5,13,15-tetrahydro- 
l/7 3 37/-oxepino[3\4 f :6,7]indolizino[l,2-fe]quinoline-3,15-dione; 

- (57?)-5-ethyl-9,l 1 -difluoro-5-hydroxy-l 2-(3 5 3,3-trifluoropropyl)-4 5 5 3 1 3, 1 5-tetrahydro- 
17/ 3 37/-oxepino[3\4 f :6 3 7]indolizino[l,2-fe]quinoline-3 3 15-dione; 

- (57?)-5-ethyl-9, 1 1 -difluoro-5 -hydroxy- 1 2-isopentyl-4,5,l 3, 1 5-tetrahydro- 
17/,37/-oxepino[3\4':6,7]indolizino[l,2-6]quinoline-3 s 15-dione; 

- (57?)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-l 2-pentyl-4,5, 1 3,1 5-tetrahydro- 
1^3//-oxepino[3^4 , :6,7]indolizino[l,2-Z>]quinoline-3,15-dione; 
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- (57?)-5-ethyl-9, 1 1 -difluoro-5-hydroxy- 1 2-phenethyl-4,5 , 13,1 5-tetrahydro- 
l^S^-oxepinofS'^'^^Jindolizinotl^-^Jquinoline-S^lS-dione; 

- (57?)- 1 2-decyl-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 1^,3//- 
oxepino[3 , ,4 t :6,7]indolizino[l,2-Z>]quinoline-3,15-dione; 

- (57?)- 1 2-(2-cyclohexylethyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
l//,3^oxepino[3^4^6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)- 1 2-(3,3-dimethylbutyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 
l//,3//-oxepino[3' 5 4 , :6,7]indolizino[ 1 ,2-Z?]quinoline-3, 1 5-dione; 

or the salts thereof. 

The invention more particularly relates to the following compounds: 

- (57?)- 1 2-butyl-5-ethyl-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1/7,3/7- 
oxepinofS'^^jTJindolizinofl^-^quinoline-S,! 5-dione; 

- (57?)-5, 1 2-diethyl-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 177,37/- 
oxepino[3\4':6,7]indolizino[ 1 ,2-7?]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-5-hydroxy- 1 2-phenyl-4,5 ,13,1 5-tetrahydro- 17/, 3/^- 
oxepino[3 , ,4 f :6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-phenyl-4,5, 1 3, 1 5-tetrahydro- 177,37/- 
oxepino[3\4 f :6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (57?)- 1 2-butyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 177,37/- 
oxepino[3 , ,4':6,7]indolizino[l,2-7?]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- 1//, 377- 
oxepino[3 f ,4 , :6 5 7]indolizino[ 1 ,2-7?]quinoline-3, 1 5-dione; 

- (57?)-5, 1 2-diethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1//, 3//- 
oxepino[3 , ,4':6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5, 1 3,1 5-tetrahydro- 
l/T,3//-oxepino[3',4 , :6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 

- (57?)-5, 1 2-diethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1 T/,377- 
oxepino[3\4':6,7]indolizino[l,2-Z>]quinoline-3,l 5-dione; 
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- (5tf)-5-ethyl-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5, 13,1 5-tetrahydro- 1 7/,3/f- 
oxepino[3* 3 4':6 J 7]indolizino[l,2-A]quinoline-3 5 15-dione; 

- (5R)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- IH,3H- 
oxepinofS'^^^Jindolizinofl^-AJquinoline-SjlS-dione; 

5 - (5/?)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5 , 1 3, 1 5-tetrahydro- 1 H, 3H- 
oxepinofS'^^^Jindolizinofl^-AJquinoline^jlS-dione; 

or the salts thereof. 

The invention most particularly relates to the following compounds: 

- (5R)- 1 2-butyl-5 -ethyl-5-hydroxy-4,5 , 13,15 -tetrahydro- 1 H,3H- 
10 oxepinofS'^^^Jindolizinotl^-^quinoline-SjlS-dione; 

- (5 J R)-5-ethyl-9 5 1 0-difluoro-5 -hydroxy- 1 2-phenyl-4,5, 1 3,1 5-tetrahydro- 1//,37/- 
oxepino[3' 5 4 ! :6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)- 1 2-butyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- \H, 3H- 
oxepino[3',4 f :6,7]indolizino[ 1 ,2-6]quinoline-3,l 5-dione; 

1 5 - (57?)-5-ethyl-9 5 1 0-difluoro-5 -hydroxy- 1 2-propyl-4,5, 1 3, 1 5 -tetrahydro- \H, 3H- 
oxepino[3* 5 4 l :6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)-5, 1 2-diethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- \H 9 3H- 
oxepino[3 , ,4 t :6,7]indolizino[l ? 2-Z>]quinoline-3 > 15-dione; 

- (5#)-5-ethyl-9, 1 0-difluoro-5 -hydroxy- 1 2-(2-trimethylsilylethyl)-4 5 5 5 1 3, 1 5-tetrahydro- 
20 l/Z^/Z-oxepinotS'^^^Jindolizinotl^-^Jquinoline-SjlS-dione; 

- (5i?)-5,l 2-diethyl-9, 1 1 -difluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1//, 3//- 
oxepino[3 f ,4 t :6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- \H 9 37^- 
oxepino[3 , ,4 , :6,7]indolizino[l,2-6]quinoline-3,15-dione; 

25 - (5/?)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1//,3//- 
oxepino[3',4 f :6,7]indolizino[l,2-fe]quinoline-3,15-dione; 

or the salts thereof. 
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Then again, the invention relates to a key intermediate for the synthesis of compounds 
of general formula (I), namely a product of general formula 




in which R x has the meaning indicated above. Preferably, R x represents an ethyl radical. 
The compounds of general formula (I) can be prepared in the following manner: 
- the compound of formula M is coupled with a compound of formula 

*5 R6 




in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning indicated above, to produce the 
compound of formula 




in which R 2? R 3 , R 4 , R 5 and R 6 have the meaning indicated above. 

- compound O is then cyclized to produce the compound of formula (I). 

The formation of compounds O starting from the compounds of general formulae M 
and N is carried out by a treatment known to a person skilled in the art under the name 
of Mitsunobu's reaction (refer to Mitsunobu, O. et al. Synthesis, p.l (1981)). The 
hydroxyl function of compound N is displaced by a nucleophile such as compound M or 
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a deprotonated derivative of the latter, by a treatment with a phosphine, for example 
triphenylphosphine, and an azodicarboxylate derivative, for example diethyl or 
diisopropyl azodicarboxylate, in an aprotic solvent such as, for example, 
tetrahydrofuran or Af,A^dimethylformamide. The cyclization of compounds O to 

5 produce the compounds of formula (I) is preferably carried out in the presence of a 
palladium catalyst (for example palladium diacetate) under basic conditions (provided 
for example by an alkaline acetate optionally combined with a phase transfer agent, 
such as, for example, tetrabutylammonium bromide), in an aprotic solvent such as 
acetonitrile or A^A^-dimethylformamide, at a temperature comprised between 50°C and 

10 120°C (R. Grigg et aL, Tetrahedron 46, page 4003 (1990)). 

The invention also offers, as a new industrial product, a compound of general formula 
M as defined previously. This product can be used for the manufacture of medicaments. 

The compound of formula M is prepared according to a new process which is part of 
the invention and includes the following successive stages: 

15 - a racemic ester represented below 



in which Rj has the meaning indicated above, R is a lower alkyl and Z a protective 
group of the alcohol function (for its preparation, see in particular the Patent 
Application WO 97/00876) is converted to the corresponding carboxylic acid; 

20 - this compound is then subjected to an operation which separates the enantiomers, 
known to the person skilled in the art under the name of resolution (cf Jacques, et al., 
"Enantiomers, Racemates and Resolution", 2nd edition, Wiley, New- York, 1991), and 
which allows an enantiomerically enriched compound of general formula 




OR 
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to be obtained, in which Rj and Z have the meaning indicated above; 

- the alcohol function of the compound of general formula A is then deprotected to 
produce the product of general formula 

^N^ v OMe 




in which Rj has the meaning indicated above, 

- the compound of general formula B is then cyclized in order to obtain the compound 
of general formula 




in which Rj has the meaning indicated above, 

- finally, the methoxy group of the compound of general formula C is converted to 
carbonyl in order to obtain a compound of general formula 
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H 



i 




in which R, has the meaning indicated above. 

In the particular case where Rj represents an ethyl group, R represents a tert-butyl and Z 
represents a benzyl group, the compound of formula M is synthesized according to the 
process constituted by the following successive stages: 

- the racemic ^-butyl ester represented below (for its preparation, refer in particular to 
the Patent Application WO 97/00876) 




is treated with trifluoroacetic acid for 1 8 hours at ambient temperature to produce the 
corresponding carboxylic acid; 

- the quinidine salt of 3-(3-benzyloxymethyl-2-methoxy-4-pyridyl)-3-hydroxy-pentanoic 
acid is heated at a temperature greater than 30°C, and preferably approximately 50°C in 
isopropyl alcohol, before the reaction medium is allowed to cool down to ambient 
temperature so that the (+) enantiomer salt of 3-(3-benzyloxymethyl-2-methoxy-4- 
pyridyl)-3-hydroxy-pentanoic acid crystallizes whilst the (-) isomer salt, the anion of 
which is represented below, remains in solution 
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- the solution in isopropyl alcohol of the (-) enantiomer salt of 3-(3-benzyloxymethyl-2- 
methoxy-4-pyridyl)-3-hydroxy-pentanoic acid is concentrated and treated with 
hydrochloric acid to produce the compound of formula 



OMe 




OCH 2 Ph 



- compound A' is then put in contact with palladium in the presence of a hydrogen 
source to produce the debenzylated product of formula 




- the compound of formula B f is then cyclized in order to obtain the compound of 
formula 



10 



HO <\ 



O 



- finally, the methoxy group of the compound of formula C* is converted to carbonyl in 
order to obtain (+)-5-ethyl-5-hydroxy-l,3 5 4,5 5 8,9-hexahydrooxepino[3,4-c]pyridin-3 5 9- 
dione (or (+)-EHHOPD) represented below. 




15 



(-h)-EHHOPD 
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For the process described above, the reaction leading from the compound of formula A f 
to the compound of formula B f preferably takes place in methanol, and preferably by 
heating the reaction medium to about 40°C after the addition of ammonium formate. 
The cyclization of the compound of formula B f to produce compound C ? can be carried 
5 out in THF, preferably at a temperature of about 50°C, while the reaction will preferably 
be carried out at ambient temperature with acetonitrile as solvent in the reaction leading 
from the compound of formula C* to (+)-EHHOPD. 

The compounds of formula N, in which and R 6 is a hydrogen atom and R 2 , R 3 , R 4 and 
R 5 have the meaning indicated above, can be obtained from anilines of formula 




in which R 2 , R 3 , R 4 and R 5 have the meaning indicated above, according to the 
following process: an aniline of formula P is 7V-acetylated by treatment with an 
acetylating agent such as, for example, acetic anhydride. The acetanilide thus obtained 
is treated at a temperature comprised between 50°C and 100°C, preferably about 75°C, 

15 with a reagent known to a person skilled in the art under the name Vilsmeier's reagent 
(obtained by the action of phosphoryl oxychloride on ATAT-dimethylformamide at a 
temperature comprised between 0°C and 1 0°C) to produce the corresponding 2-chloro- 
3-quinolinecarbaldehyde (for example, refer to Meth-Cohn et al. J. Chem. Soc, Perkin 
Trans, /p.1520 (1981); Meth-Cohn et al. J. Chem. Soc, Perkin Trans, /p.2509 (1981); 

20 and Nakasimhan et al. J. Am. Chem. Soc, J 12 p.4431 (1990)). This intermediate is 
easily reduced to the corresponding quinolylmethanol of formula N, under standard 
conditions known to a person skilled in the art such as treatment in an alcoholic solvent 
(for example methanol) with sodium borohydride at a temperature comprised between 
0°C and 40°C. 



25 The compounds of formula N in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning 
indicated above, can also be obtained from carboxylated quinolones of formula 



THIS PAGE BLANK <usfto) 



- 18- 




^5 R6 O 



OR 



Q 



in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning indicated above, according to the 
following process: a quinolone of formula Q is chlorinated to produce the 
corresponding chloroquinoline, the carboxylated function of which is reduced to 
produce the compound of general formula N. The chlorination can be carried out with a 
chlorophosphine oxide such as phosphorus oxychloride or chlorodiphenylphosphine 
oxide, pure or in the presence of an inert aprotic cosolvent such as toluene or 
chloroform, at a temperature comprised between 50°C and 120°C. The chlorination is 
preferably carried out with an excess of phosphorus oxychloride at 80°C. The reduction 
can be carried out with an aluminium hydride in an aprotic solvent such as diethyl ether, 
/er^-butylmethyl oxide, tetrahydrofuran, dichloromethane, chloroform, trichloroethane 
or toluene, at a temperature comprised between 0°C and 50°C. The reduction is 
preferably carried out with diisobutylaluminium hydride in dichloromethane at ambient 
temperature. 

The compounds of formula Q, in which and R 6 is a hydrogen atom and R 2 , R 3 , R 4 and 
R 5 have the meaning indicated above, can be obtained from anthranilic acids of formula 



in which R 6 is a hydrogen atom and R 2 , R 3 , R 4 and R 5 have the meaning indicated 
above, according to the following process: an acid of formula R is reduced to produce 
the corresponding benzyl alcohol. The alcohol function of the intermediate thus 
obtained is protected selectively in order to leave the amine function intact. The 
resulting aniline is acylated with a derivative of malonic acid. The previously protected 
alcohol function is deprotected, then oxidized to produce the corresponding carbonyl 
function, and the intermediate thus obtained is subjected to an intermolecular process 
according to a reaction known to a person skilled in the art under the name of 
Knoevenagel ! s condensation, to produce carboxylated quinolones of formula Q, in 




2 



OH 



R 
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which and R 6 is a hydrogen atom and R 2 , R 3 , R 4 and R 5 have the meaning indicated 
above. The reduction of the acid to alcohol can be carried out by a metallic hydride in 
an inert aprotic solvent at a temperature comprised between 0°C and 50°C, and 
preferably by a mixed hydride of lithium and aluminium in tetrahydrofuran at ambient 
5 temperature. The protection of the intermediate benzyl alcohol can be carried out 
according to the general methods known to the person skilled in the art (Greene T, et al., 
"Protective groups in Organic Synthesis", 2nd edition, Wiley, New-York, 1991) or also 
with a silyl chloride in the presence of a base, in an aprotic solvent at a temperature 
comprised between 0°C and 50°C, and preferably by /er/-butyldiphenylsilyl chloride in 

10 the presence of imidazole, in dimethylformamide at ambient temperature. Acylation can 
be carried out with a malonic derivative such as ethylmalonyl chloride or methyl 
malonate in the presence of a base such as triethylamine or 4-dimethylaminopyridine in 
an aprotic solvent such as acetonitrile, tetrahydrofuran or toluene at a temperature 
comprised between 0°C and 110°C 5 and preferably with ethylmalonyl chloride in 

15 acetonitrile at ambient temperature in the presence of triethylamine. Deprotection can be 
carried out according to the protective group of the benzyl alcohol previously chosen 
(Greene, T.) and in the case of silylated ether by a fluoride ion source such as cesium or 
potassium fluoride in the presence of a phase transfer agent, or also 
tetrabutylammonium fluoride in an aprotic solvent such as tetrahydrofuran at a 

20 temperature comprised between 0°C and 50°C and preferably at ambient temperature. 
The oxidation can be carried out in the presence of chromium (VI) salts carrying pyridyl 
ligands, by Swern's reagent, or also by pyridine-sulphur trioxide complex in dimethyl 
sulphoxide in the presence of triethylamine, and preferably by pyridinium dichromate in 
dichloromethane at ambient temperature. Knoevenagel's intermolecular condensation 

25 can be carried out spontaneously or in solution in the presence of a base, and preferably 
in dichloromethane in the presence of triethylamine at ambient temperature. 

The compounds of formula Q, in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning 
indicated above, can be obtained from aminoketones of formula 

*5 «6 




30 in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning indicated above, according to the 
following process: an aminoketone S is acylated with a derivative of malonic acid and 
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the intermediate thus obtained is subjected to an intermolecular process according to a 
reaction known to a person skilled in the art under the name of Knovenagel ! s 
condensation to produce carboxylated quinolones of formula Q. Acylation can be 
carried out with a malonic derivative such as ethylmalonyl chloride or methyl malonate 

5 in the presence of a base such as triethylamine or 4-dimethylamino-pyridine in an 
aprotic solvent such as acetonitrile, tetrahydrofuran or toluene at a temperature 
comprised between 0°C and 110°C, and preferably with ethylmalonyl chloride in 
acetonitrile at ambient temperature in the presence of triethylamine. Knovenagel's 
intermolecular condensation can be carried out spontaneously or in solution in the 

10 presence of a base, and preferably in acetonitrile in the presence of sodium ethylate at 
ambient temperature. 

The aminoketones of formula S, in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning 
indicated above, can be obtained from ortho-aminated benzonitriles of formula 




15 in which R 2 , R 3 , R 4 and R 5 have the meaning indicated above, by treatment with a 
Grignard's reagent of formula R 6 -MgX, where X is a halogen and R 6 has the meaning 
above according to methods known to the person skilled in the art. 

The aminoketones of formula S, in which R 6 is an aryl radical and R 2 , R 3 , R 4 and R 5 
have the meaning indicated above, can be obtained from anthranilic acids of formula R 
20 described above, by treatment with benzoyl chloride under reflux to produce a 
benzoxazone which can be converted in the presence of Grignard's reagent of formula 
R 6 -MgX, where X is a halogen and R 6 is an aryl radical to the corresponding ortho- 
aminated benzophenone, which can be debenzoylated by reagents such as, for example, 
hydrogen bromide in solution in water or in glacial acetic acid. 

25 The aminoketones of formula S, in which R 2 , R 3 , R 4 , R 5 and R 6 have the meaning 
indicated above, can be obtained from anilines of formula P in which R 2 , R 3 , R 4 and R 5 
have the meaning indicated above, according to the following process: The nitrogen 
atom of an aniline of formula P is acylated with an agent conferring an ortho-directive 
character in the aryl metallation reaction, and the compound thus obtained is metalated, 

30 then treated with an aldehyde of formula R 6 -CHO in which R 6 has the meaning above. 
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The process is then completed by oxidation of the alcoholic intermediate thus obtained, 
then by release of the nitrogenous function to produce an aminoketone of formula S. For 
this process, passage to the ortho-directive function can be obtained by treating an 
aniline P with a bocing agent and preferably by di-/er/-butyl dicarbonate in an aprotic 
solvent such as tetrahydrofuran, dioxane or dimethoxyethane at reflux temperature. The 
metallation can be obtained by treatment with a lithiated reagent such as tert- 
butyllithium, seobutyllithium, mesityllithium, or, in the presence of tetramethyl- 
ethylenediamine, w-butyllithium, and preferably n-butyllithium in the presence of 
tetramethyl-ethylenediamine, in an aprotic solvent such as tetrahydrofuran, dioxane or 
dimethoxyethane, at a temperature comprised between -80°C and 0°C. Oxidation can be 
carried out in the presence of chromium (VI) salts carrying pyridyl ligands, by Swern's 
reagent, or also by the pyridine-sulphur trioxide complex in dimethylsulphoxide in the 
presence of triethylamine, and preferably by pyridinium dichromate in dichloromethane 
under reflux. The nitrogenous function can be obtained by treatment in acid medium, 
and preferably by trifluoroacetic acid in dichloromethane at ambient temperature. 

Analogues of intermediate compounds of type N have been described previously and in 
particular in the PCT Application WO 95/05427. 

The compounds of formula (I) 




£5 R 6 



o 



OH 



(I) 



in which 



R 2 , R 3 , R 4 and R 5 
R 6 



represents a lower alkyl radical; 

represent, independently, H or a halogen atom; 



represents H, a linear or branched alkyl radical 
containing 1 to 12 carbon atoms, a cycloalkyl, lower 
cycloalkyl alkyl, lower hydroxy alkyl, nitro or 
(CH 2 ) m SiR 7 R 8 R 9 radical, or also an aryl or lower 

aryl alkyl radical, substituted or non substituted, in 
which the substituent is a lower alkyl, a hydroxy 
group or a halogen atom; 
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m 



R 7 , R 8 and 



represent, independently, H or a linear or branched 
alkyl radical containing 1 to 6 carbon atoms; 
is an integer comprised between 0 and 6; 



can also be obtained by a new process, characterized in that a compound of formula 



in which R t , R 2 , R 3 , R 4 and R 5 have the meaning indicated above, is treated in a 
strongly acid medium in the presence of an iron (III) salt and a precursor of the free 
radical R 6 \ by a solution containing hydroxide or alkoxide radicals. 

Although the prior art mentions the use of a similar reaction for the analogues of 
camptothecines containing an a-hydroxylactone (Sawada, S., et aL, Chem Pharm. Bull, 
(1991), vol. 39, p. 2574); PCT Application WO 98/35940), its use for the analogues of 
camptothecines such as the compounds of formula (IV) containing a p-hydroxylactone, 
has not been foreseen and is unexpected, because in strongly acid medium, a ternary and 
benzylic hydroxyl function, in position P with regard to a carboxylic function, is 
generally eliminated to produce the corresponding olefine (Nagasawa, et al. 
Heterocycles 1989, vol. 28, p. 703; Kimura, H. et al., Chem. Pharm. Bull 1982, vol. 30, 
p. 552; Fujita, T. et al., J. Appl Chem Biotechnol 1982, vol. 32, p. 421; Miller, R. E., et 
al., J. Org. Chem. 1950, vol. 15, p. 89; Fieser, L. F., et al., J. Am. Chem. Soc. 1948, vol. 
70, p. 3209). 

In the process above, the strongly acid medium can be provided by acids such as 
aqueous or non-aqueous trifluoroacetic acid or sulphuric acid and preferably aqueous 
sulphuric acid, the iron (III) salt will preferably be heptahydrated iron (III) sulphate, the 
free radical precursor will be an aldehyde of formula R 6 -CHO in which R 6 represents a 
lower alkyl, cycloalkyl, lower cycloalkyl alkyl, lower hydroxy alkyl, (CH 2 ) m SiR 7 R g R 9 , 
or also a substituted or non substituted lower arylalkyl in which the substituent is a 
lower alkyl, a hydroxy group or a halogen atom, and the solution containing hydroxide 
or alkoxide radicals is provided by hydrogen peroxide or tert-b\xty\ hydroperoxide, and 
preferably by hydrogen peroxide at 30 volumes. 




O 



OH 



(IV) 
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The compounds of the present invention posses useful pharmacological properties. 
Therefore it follows that the compounds of the present invention have an inhibitory 
activity on topoisomerase I and/or II and an anti-tumoral activity. The state of the art 
suggests that the compounds of the invention have an anti-parasitic and/or anti-viral 
5 activity. The compounds of the present invention can thus be used in different 
therapeutic applications. 

An illustration of the pharmacological properties of the compounds of the invention will 
be found hereafter in the experimental part. 

The compounds can inhibit topoisomerase, for example of type I and/or II, in a patient, 
10 for example a mammal such as man, by administration to this patient of a 
therapeutically effective quantity of the compounds of the invention. 

The compounds of the invention have an anti-tumoral activity. They can be used for the 
treatment of tumors, for example of tumors expressing a topoisomerase, in a patient by 
administration to said patient of a therapeutically effective quantity of one of the 

15 compounds of the invention. Examples of tumors or cancers include cancers of the 
oesophagus, the stomach, the intestines, the rectum, the oral cavity, the pharynx, the 
larynx, the lung, the colon, the breast, the cervix uteri, the corpus endometrium, the 
ovaries, the prostate, the testicles, the bladder, the kidneys, the liver, the pancreas, the 
bone, the connective tissues, the skin, for example melanomas, the eyes, the brain and 

20 the central nervous system, as well as cancer of the thyroid, leukemia, Hodgkin's 
disease, lymphomas other than those related to Hodgkin, multiple myelomas and others. 

They can also be used for the treatment of parasitic infections by inhibition of the 
hemoflagellates (for example in trypanosomia or leishmania infections) or by inhibition 
of the plasmodia (such as for example in malaria), but also the treatment of viral 
25 infections or diseases. 

These properties make the compounds of the invention suitable for pharmaceutical use. 
A subject of the present Application is also the compounds of the invention, and in 
particular the products of general formulae (I) or (II) as defined above as medicaments. 
The invention also relates to pharmaceutical compositions containing at least one of the 
30 medicaments as defined above as an active ingredient. 

Therefore the invention relates to pharmaceutical compositions containing a compound 
according to the invention or an addition salt with a pharmaceutical^ acceptable acid of 
it, in combination with a pharmaceutically acceptable support according to the chosen 
administration method (for example oral, intravenous, intraperitoneal, intramuscular, 
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trans-dermic or sub-cutaneous). The pharmaceutical composition (for example 
therapeutic) can be in the form of a solid, liquid, liposome or lipidic micella. 

The pharmaceutical composition can be in solid form, such as for example, powders, 
pills, granules, tablets, liposomes, gelatin capsules or suppositories. The pill, tablet or 
5 gelatin capsule can be covered in a substance which is capable of protecting the 
composition from the action of gastric acid or enzymes in the stomach of the subject for 
a sufficient period of time to allow this composition to pass in a non-digested form into 
the small intestine of the latter. The compound can also be administered locally, for 
example, at the same location as the tumor. The compound can also be administered 

10 according to a sustained release process (for example a sustained release composition or 
an infusion pump). The appropriate solid supports can be, for example, calcium 
phosphate, magnesium stearate, magnesium carbonate, talc, sugars, lactose, dextrin, 
starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose, 
polyvinylpyrrolidine and wax. The pharmaceutical compositions containing a 

1 5 compound according to the invention can also be presented in liquid form such as, for 
example, solutions, emulsions, suspensions or a sustained release formulation. The 
appropriate liquid supports can be, for example, water, organic solvents such as glycerol 
or glycols such as polyethylene glycol, similarly their mixtures, in varied proportions, in 
water. 

20 A subject of the invention is also the use of the compounds of the invention for the 
preparation of medicaments intended to inhibit topoisomerases, and more particularly 
the topoisomerases of type I or of type II, medicaments intended to treat tumors, 
medicaments intended to treat parasitic infections, as well as medicaments intended to 
treat viral infections or diseases. 

25 The dose of a compound according to the present invention envisaged for the treatment 
of the diseases or disorders mentioned above, varies according to the administration 
method, the age and body weight of the subject as well as the state of the latter and it 
will be decided definitively by the attending doctor or vet. Such a quantity determined 
by the attending doctor or vet is here called "effective therapeutic quantity". 

30 Unless defined in another manner, all the technical and scientific terms used here have 
the same meaning as that commonly understood by an ordinary specialist in the field to 
which the invention belongs. Similarly, all publications, Patent Applications, all Patents 
and all other references mentioned here are incorporated by way of reference. 

The following examples are presented to illustrate the above procedures and must in no 
35 case be considered as a limit to the scope of the invention. 
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EXPERIMENTAL PART : 

Example 1 : (5/?)-5-ethyl-ll-nuoro-5-hydroxy^,5,13,15-tetrahydro-l/r,3^- 
oxepino[3' 5 4 f :6,7]indolizino[l,2-ft]quinoline-3,15-dione 

Stage la. quinidinium (3if)- 3-(3-benzyloxymethyI-2-methoxy-4-pyridyl)-3- 
5 hydroxy-pentanoate. 

7er/-butyl 3-(3-benzyloxymethyl-2-methoxy-4-pyridyl)-3-hydroxy-pentanoate (obtained 
according to the method described in the Patent Application PCT WO 97/00876; 40 g; 
lOOmmol) is treated with trifluoroacetic acid (150 ml) and the reaction medium is 
agitated for 1 8 hours at 20°C, then concentrated under reduced pressure. The residue, 

10 taken up in a saturated aqueous solution of sodium bicarbonate (200 ml), is washed with 
dichloromethane (2 x 100 ml) and the resulting solution is acidified to pH = 1 with 6 N 
hydrochloric acid, then extracted with dichloromethane (2 x 200 ml). The combined 
extracts are dried over magnesium sulphate and concentrated. The solution is dried over 
magnesium sulphate and concentrated. The racemic acid thus obtained (31.1 g; 

15 90mmol), taken up in isopropyl alcohol (30 ml), is treated with a quinidine solution 
(29.2 g; 90 mmol) in isopropyl alcohol (30 ml), and the resulting mixture is agitated at 
50°C until complete dissolution. The temperature is allowed to reduce to 40°C, the 
agitation is stopped and the reaction medium allowed to cool down to ambient 
temperature. The medium is taken to 0°C without agitation then maintained at this 

20 temperature for 16 hours. Then the temperature is allowed to rise to 20°C and agitation 
is carried out until crystallization. The medium is diluted with isopropyl alcohol then 
filtered. The precipitate is rinsed with isopropyl alcohol. The dextrorotatory salt 
precipitates whilst the levorotatory salt remains in solution in isopropyl alcohol. The 
filtrate is recovered which is concentrated to produce the expected product. Analysis by 

25 HPLC (column CHIRAL-AGP 5ji (10 cm x 4 mm) eluted with an isopropyl 
alcohol/water/ phosphate buffer mixture pH 6.5 30/920/50, at a flow rate of 1.2 ml/min, 
UV detection at 280 nm) shows retention times of 6.4 min for the levorotatory salt and 
2.8 min for the dextrorotatory salt and a diastereoisomeric ratio of 83/17. 

Stage lb: (5if)-5-ethyl-5-hydroxy-l,3,4,5,8,9-hexahydrooxepino[3,4-c]pyridin-3 ? 9- 
30 dione, or (+)-EHHOPD. 

The residue obtained in Stage la is agitated for 16 hours at 20°C in a mixture of 
dichloromethane (270 ml) and IN hydrochloric acid (270 ml). After decanting, the 
organic phase is concentrated, and the residue is taken up in methanol (87 ml) to be 
used in the following phase. This solution is poured under nitrogen onto Palladium at 
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10% on damp carbon at 50% (27.7 g; 13 mmol). The reaction medium is agitated for 
5 min, then poured into a solution of ammonium formate (11.5 g; 183 mmol) in 
methanol (135 ml). The reaction medium is agitated for 30 min whilst allowing the 
temperature to rise, then it is heated at 40°C for 30 min. The medium is then filtered on 
5 a bed of Clarcel and concentrated. Toluene (40 ml) is poured in followed by 
evaporation, and this operation is repeated in order to eliminate the traces of methanol. 
The residue, taken up in tetrahydrofuran (45 ml), is treated with a solution of 
dicyclohexylcarbodiimide (7.18 g; 34.5 mmol) in tetrahydrofuran (20 ml). The reaction 
medium is heated at 50°C for 1 hour, then taken to 20°C, and the dicyclohexylurea is 

10 filtered. The filtrate is concentrated to dryness and the residue, taken up in acetonitrile 
(46 ml), is treated with sodium iodide (6.0 g; 40.5 mmol) and trimethylsilyl chloride 
(5.13 ml; 40.5 mmol). The reaction medium is maintained under agitation at ambient 
temperature for 5 hours, then acetonitrile (28 ml) and water (5.6 ml) are added. The 
precipitate obtained is recovered by filtration, then taken up in water (10 ml), and the 

15 mixture obtained is neutralized using a solution of ammonium hydroxide. The 
precipitate is recovered by filtration then taken up in acetone (40 ml) to which water 
(150 ml) is added. The crystals formed are recovered by filtration and dried to produce 
3 g of (+)-EHHOPD with an enantiomeric proportion of 99.4/0.6. 

NMR !h (DMSO-d6, 5): 0.8 (t, 3H); 1.65 (m, 2H); 3.00-3.35 (q, 2H); 
20 5.3 (q, 2H); 5.7 (s, 1H); 6.35 (d, 1H); 7.3 (d, 1H); 1 1.7 (s, 1H). 

Stage lc: 2-amino-6-fluorophenylmethanol. 

A solution under argon of 2-amino-6-fluorobenzoic acid (5 g; 32 mmol) in anhydrous 
tetrahydrofuran (100 ml) is treated with lithium aluminium hydride (1M in 
tetrahydrofuran; 64 ml; 64 mmol) at ambient temperature. The reaction medium is 

25 agitated for 3 hours, then hydrolyzed at 0°C with a saturated aqueous solution of 
ammonium chloride (100 ml). The resulting mixture is extracted with ethyl acetate 
(2 x 70 ml). The combined extracts are washed with water and with a saturated aqueous 
solution of sodium chloride, then dried over magnesium sulphate and concentrated to 
produce 3.8 g of the desired product, a white solid (m.p.: 93°C). 

30 IR(KBr): 784, 1001, 1471, 1591, 1621 cm" 1 . 

NMR ! H (DMSO-d6, 5): 4.44 (dd, 2H); 4.93 (t, 1H); 5.27 (s, 2H); 6.27 (t, 1H); 6.45 (d, 
1H);6.96 (q, 1H). 
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Stage Id: ethyl 2-(3-fluoro-2-hydroxymethylphenylcarbamoyl) acetate. 

A solution of aminobenzyl alcohol (obtained in Stage 1c; 3.8 g; 27 mmol) and 
imidazole (4.3 g; 64 mmol) in A^Af-dimethylformamide (52 ml) is treated with tert- 
butyldiphenylsilyl chloride (8.37 ml; 32 mmol). The resulting mixture is agitated for 2 
5 hours at ambient temperature, then water (100 ml) is added, followed by extraction with 
ethyl acetate (2 x 60 ml). The combined extracts are washed with water and with a 
saturated aqueous solution of sodium chloride, then dried over magnesium sulphate and 
concentrated. The silylated intermediate thus obtained (10 g) is taken up in acetonitrile 
(52 ml), then triethylamine (4.5 ml; 32.4 mmol) is added to the solution, and the 

10 resulting mixture is treated dropwise with ethylmalonyl chloride (4.15 ml; 32.4 mmol). 
The resulting mixture is agitated for 2 hours at ambient temperature, then water 
(100 ml) is added, followed by extraction with ethyl acetate (2 x 60ml). The combined 
extracts are washed with water and with a saturated aqueous solution of sodium 
chloride, then dried over magnesium sulphate and concentrated. The residue (16 g) is 

15 taken up in tetrahydrofuran (50 ml) and treated dropwise with tetrabutylammonium 
fluoride (1M in tetrahydrofuran; 27 ml; 27 mmol). The resulting mixture is agitated for 
1 hour at ambient temperature, then water (100 ml) is added followed by extraction with 
ethyl acetate (2 x 60 ml). The combined extracts are washed with water and with a 
saturated solution of sodium chloride, then dried over magnesium sulphate and 

20 concentrated. Purification of the residue by chromatography at medium pressure (Si0 2 , 
CH 2 Cl 2 /MeOH, 95/5) yields 4.8 g of a white solid (m.p.: 91 °C). 
IR (KBr): 1472, 1542, 1589, 1657, 1719, 3286, 3482 cm" 1 . 

NMR H (DMSO-d6, 5): 1.19 (t, 3H); 3.54 (s, 2H); 4.14 (q, 2H); 4.55 (dd, 2H); 5.21 (t, 
1H); 6.97 (t, 1H); 7.31 (dd, 1H); 7.53 (d, 1H). 

25 Stage le: ethyl 5-fluoro-2-oxo-l,2-dihydro-3-quinoIinecarboxylate. 

A solution of malonic derivative (obtained in Stage Id; 4.8 g; 19 mmol) in 
dichloromethane (280 ml) is treated with pyridinium dichromate (8.3 g; 22 mmol). The 
resulting suspension is agitated for 4 hours at ambient temperature, then treated with 
triethylamine (30 ml; 220 mmol). The reaction medium is agitated at ambient 
30 temperature for 1 6 hours, then concentrated under reduced pressure. Purification of the 
residue by chromatography at medium pressure (Si0 2 , CH 2 Cl 2 /MeOH, 95/5) yields 

2.1 g of a yellow solid (m.p.: 180°C). 
IR (KBr): 1441, 1498, 1655, 1747 cm \ 

NMR H (DMSO-d6, 8): 1.31 (t, 3H); 4.28 (q, 2H); 7.06 (t, 1H); 7.16 (d, 1H); 7.61 (dd, 
35 1H); 8.43 (s, 1H); 12.27 (s, 1H). 
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Stage If: ethyl 2-chloro-5-fluoro-3-quinolinecarboxylate. 

The quinolone (obtained in Stage le; 2.1 g) is heated at 80°C in phosphorus oxychloride 
(14 ml) until the reaction is complete (TLC control: Si0 2 , CH 2 Cl 2 /MeOH, 95/5). The 

resulting solution is then concentrated under reduced pressure and the residue is taken 
5 up in water. The precipitate thus formed is recovered by filtration, washed with water 
until the pH is neutral, and dried under reduced pressure in the presence of phosphorus 
pentoxide to produce 1 .8 g of a white solid (m.p.: 97°C). 
IR(KBr): 1268, 1631, 1723 cm \ 

NMR H (DMSO-d6, 5): 1.38 (t, 3H); 4.42 (q, 2H); 7.60 (t, 1H); 7.89 (d, 1H); 7.97 (dd, 
10 lH);8.92(s, 1H). 

Stage lg: 2-chloro-5-fluoro-3-quinolylmethanol. 

A solution of quinolinecarboxylate (obtained in Stage If; 1.8 g; 6.7 mmol) in 
dichloromethane (40 ml) under argon is treated dropwise with diisobutylaluminium 
hydride (1M in dichloromethane; 20 ml; 20 mmol) at ambient temperature maintained 

15 at 10°C by an ice-cooled water bath. The reaction mixture is agitated for 1 hour at 
ambient temperature, then poured onto a solution of sodium and potassium tartrate at 
20% (200 ml). The resulting mixture is agitated vigorously for 1 hour, then filtered on 
celite. The filtrate is extracted with dichloromethane (2 x 100 ml). The combined 
extracts are washed with water and with a saturated solution of sodium chloride, then 

20 dried over magnesium sulphate and concentrated. Purification of the residue by 
chromatography at medium pressure (Si0 2 , CH 2 Cl 2 /MeOH, 98/2) yields 450 mg of a 

white solid (m.p.: 176 °C). 

NMR *H (DMSO-d6, 5): 4.71 (d, 2H); 5.78 (t, 3H); 7.51 (t, 1H); 7,75-7.83 (m, 2H); 
8.50 (s, 1H). 

25 Stage Ih: (5i?)-5-ethyl-ll-fluoro-5-hydroxy-4,5,13,15-tetrahydro-1^3iy- 
oxepino[3 ? ,4 ? :6,7]indolizino[l,2-6]quinoline-3,15-dione. 

A solution of quinolylmethanol (obtained in Stage lg; 422 mg; 2 mmol), of (+)- 
EHHOPD (obtained in Stage lb; 446 mg; 2 mmol) and triphenylphosphine (592 mg; 
2.2 mmol) in A^A^dimethylformamide (8 ml) is treated dropwise with isopropyl 

30 azodicarboxylate (0.43 ml; 2.2 mmol). The reaction mixture is agitated for 16 h at 
ambient temperature, then water (100 ml) is added, followed by extraction with ethyl 
acetate (2 x 1 00 ml). The combined extracts are washed with water and with a saturated 
solution of sodium chloride, then dried over magnesium sulphate and concentrated 
under reduced pressure. The residue is purified by chromatography at medium pressure 

35 (Si0 2 , AcOEt/heptane, 30/70). A mixture under argon of the intermediate obtained 
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(325 mg; 0.78 mmol), triphenylphosphine (42 mg; 0.156 mmol), potassium acetate 
(114mg; 1.17 mmol ), tetrabutylammonium bromide (276 mg; 0.86 mmol) and 
palladium acetate (0.078 mmol) is taken to reflux in anhydrous acetonitrile for 16 hours, 
then cooled down to ambient temperature and concentrated under reduced pressure. The 
5 residue is purified by chromatography at medium pressure (Si02, MeOH/CH2Cl2» 

5/95) to produce 80 mg of the expected solid (m.p. > 250 °C). 
IR (KBr):1659, 1734, 3386 cm' 1 . 

NMR l H (DMSO-d6 5 8): 0.86 (t, 3H); 1.85 (q, 2H); 3.07 (d, 1H); 3.46 (d, 1H); 5.28 (s, 
2H); 5.39 (d, 1H); 5.52 (d, 1H); 6.02 (s, 1H); 7.43 (s, 1H); 7.55 (t 5 1H); 7.85 (q 3 1H); 
10 8.01 (d, lH);8.82(s, 1H). 

Example 2: (57?)-5-ethyl-9-fluoro-5-hydroxy-4,5,13,15-tetrahydro-l/T,37y- 
oxepinoP'^'^^lindolizinoIljZ-frlquinoline-SjlS-dione 

This compound is obtained by applying Stages lc to lh of the operating method of 
Example 1 above to 2-amino-4-fluorobenzoic acid. A solid (m.p. > 250°C) is obtained. 
15 NMR ! H (DMSO-d6, 5): 0.86 (t, 3H); 1.84 (q, 2H); 3.04 (d, 1H); 3.47 (d, 1H); 
5.24 (s, 2H); 5.39 (d, 1H); 5.52 (d, 1H); 6.06 (s, 1H); 7.39 (s, 1H); 7.65 (t, 1H); 
7.88 (d, 1H); 8.22 (dd 5 1H); 8.71 (s, 1H). 

Example 3: (S^-S-ethyl-S-fluoro-S-hydroxy^jSjlSjlS-tetrahydro-l^S/T- 
oxepino[3 , ,4 , :6,7]indolizino[l,2-A]quinoline-3,15-dione 

20 This compound is obtained by applying Stages lc to lh of the operating method of 
Example 1 above to 2-amino-3-fluorobenzoic acid (prepared according to Muchowski, 
et al., J. Org. Chem., vol. 45, p. 4798). A solid (m.p. > 250°C) is obtained. 
IR(KBr): 1659, 1731,3344 cm" 1 . 

NMR X H (DMSO-d6, 5): 0.88 (t, 3H); 1.85 (q, 2H); 3.07 (d, 1H); 3.47 (d, 1H); 5.29 (s, 
25 2H); 5.40 (d, 1H); 5.53 (d, 1H); 6.06 (s, 1H); 7.44 (s, 1H); 
7.69 (m, 2H); 7.96 (m, 1H); 8.75 (s, 1H). 

Example 4: (S^-lZ-benzyl-S-ethyl-S-hydroxy^^jlS^lS-tetrahydro-liy^^- 
oxepino[3 f ,4 T :6,7]indolizino[l,2-ft]quinoline-3,15-dione 

Stage 4a: l-(2-aminophenyl)-2-phenyl-l-ethanone. 

30 A solution of 2-aminobenzonitrile (4.25 g, 36 mmol) in anhydrous diethyl ether (40 ml) 
at 0°C is treated under argon with benzylmagnesium chloride (2M in tetrahydrofuran; 
50 ml; 100 mmol). The reaction medium is maintained under agitation for 1 hour at 
ambient temperature, then hydrolyzed at 0°C by adding hydrochloric acid at 10%, 
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agitated for 1 hour, and neutralized with soda. The resulting mixture is extracted with 
ethyl acetate. The combined extracts are washed with water and with a saturated 
aqueous solution of sodium chloride, then dried over magnesium sulphate and 
concentrated to produce 3.5 g of the desired product, in the form of a white solid (m.p.: 
5 100-101 °C). 

IR (KBr): 1469, 1612, 1725 cm" 1 

NMR l H (DMSO-d6, 5): 4.25 (s, 2H); 6.53 (t, 1H); 6.74 (d, 1H); 
7,2-7.35 (m, 8H); 7.90 (d, 1H). 

Stage 4b: ethyl 4-benzyl-2-oxo-l,2-dihydro-3-quinolinecarboxylate. 

10 A solution of amino-ketone (obtained in Stage 4a; 13.5 g; 16 mmol) and triethylamine 
(3.9 ml, 28 mmol) in acetonitrile (66 ml) is treated at 10°C dropwise with ethylmalonyl 
chloride (3.64 ml; 28 mmol). The reaction medium is agitated for 16 hours at ambient 
temperature, then treated with sodium ethoxide, obtained by dissolution of sodium (0.4 
g; 17 mmol) in ethanol (25 ml). The resulting mixture is agitated for 16 hours at 

15 ambient temperature, then water is added (200 ml), followed by extraction with 
dichloromethane (2 x 100 ml). The combined extracts are washed with water and with a 
saturated solution of sodium chloride, then dried over magnesium sulphate and 
concentrated. The residue is taken up in ethyl ether to produce a precipitate which is 
recovered by filtration, dried under reduced pressure at 50°C, to produce the expected 

20 solid (m.p.: 230 °C). 

NMR *H (DMSO-d6, 5): 1.19 (t, 3H); 4.17 (s, 2H); 4.27 (q, 2H); 7.13 (t, 1H); 7.15-7.20 
(m, 1H); 7.20-7.40 (m, 5H); 7.49 (t, 1H); 7.69 (d, 1H); 12.15 (s, 1H). 

Stage 4c: (5jR)-12-benzyl-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro-liy,3^- 
oxepinoP'^'^^lindolizinoIl^-Alquinoline-SjlS-dione, 

25 Stages If to lh of the operating method of Example 1 above are applied to the 
quinolone obtained according to Stage 4b. A solid is obtained (m.p. > 250 °C). 
IR (KBr): 1578, 1655, 1751 cm" 1 . 

NMR H (DMSO-d6, 5): 0.87 (t, 3H); 1.87 (q, 2H); 3.05 (d, 1H); 3.49 (d, 1H); 4.65 (d, 
1H); 4.70 (d, 1H); 5.20 (d, 1H); 5.25 (d, 1H); 5.39 (d, 1H); 
30 5.52 (d, 1H); 6.06 (s, 1H); 7.15 - 7.30 (m, 5H); 7.41 (s, 1H); 7.67 (t, 1H); 
7.83 (t, 1H); 8.16 (d, 1H); 8.28 (d, 1H). 



Example 5: (5/f)-12-butyl-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro-1^3i/- 
oxepinoIS'^'^^JindolizinofljI-dlquinoline-SjlS-dione. 
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2-aminobenzonitrile is treated with «-butylmagnesium bromide according to a 
procedure similar to Stage 4a and the resulting amino-ketone is treated according to a 
procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
above are applied to the quinolone obtained. A solid is obtained (m.p. 220-221 °C). 
5 IR(KBr): 1611; 1655; 1725 cm' 1 . 

NMR *H (DMSO-d6, 5): 0.87 (t, 3H); 0.96 (t, 3H); 1.49 (q, 2H); 1.67 (q, 2H); 1.86 (q ? 
2H); 3.05 (d, 1H); 3.19 (t, 2H); 3.49 (d, 1H); 5.28 (s, 2H); 
5.40 (d, 1H); 5.54 (d, 1H); 6.05 (s, 1H); 7.39 (s, 1H); 7.72 (t, 1H); 
7.85 (t, 1H); 8.14 (d, 1H); 8.26 (d, 1H). 

10 Example 6: (5^)-5,12-diethyl-5-hydroxy-4,5,13 5 15-tetrahydro-lJy,3«- 
oxepino[3%4 f :6,7]indolizino[l,2-A]quinoline-3,15-dione. 

2-aminobenzonitrile is treated with ethylmagnesium bromide according to a procedure 
similar to Stage 4a and the resulting amino-ketone is treated according to a procedure 
similar to Stage 4b. Stages If to lh of the operating method of Example 1 above are 
15 applied to the quinolone obtained. A solid is obtained (m.p. > 280°C). 
IR (KBr): 1652, 1758, 3329 cm" 1 . 

NMR H (DMSO-d6, 8): 0.85 (t, 3H); 1.31 (t, 3H); 1.87 (q, 2H); 3.04 (d, 1H); 3.24 (q, 
2H); 3.54 (d, 1H); 5.25 (s, 2H); 5.36 (d, 1H); 5.53 (d, 1H); 
6.06 (s, 1H); 7.39 (s, 1H); 7.72 (t, 1H); 7.85 (t, 1H); 8.15 (d, 1H); 8.28 (d, 1H). 

20 Example 7: f5jg)-5-ethvl-5-hvdroxy-12-phenyl-4,5q3J5-tetrahydro-1^3^- 
oxepino[3%4 f :6,7]indolizino[l,2-ft]quinoline-3,15-dione, 

2-aminophenyl-phenylmethanone is treated according to a procedure similar to Stage 
4b. Stages If to lh of the operating method of Example 1 are applied to the quinolone 
obtained. A solid is obtained (m.p. > 250 °C). 
25 NMR *H (DMSO-d6 5 8): 0.86 (t, 3H); 1.85 (q, 2H); 3.05 (d, 1H); 3.49 (d, 1H); 5.09 (s, 
2H); 5.38 (d, 1H); 5.50 (d, 1H); 6.07 (s, 1H); 7.45 (s, 1H); 
7.60 - 7.75 (m, 6H); 7.82 (d, 1H); 7.90 (t, 1H); 8.25 (d, 1H). 

Example 8: (5i?)-12-cyclohexyl-5-ethyl-5-hydroxy-4,5,13a5-tetrahydro-1^3Jy- 
oxepinoP'^'^^lindolizinoIljI-ftlquinoline-SjlS-dione. 

30 2-aminobenzonitrile is treated with cyclohexylmagnesium chloride according to a 
procedure similar to Stage 4a and the resulting amino-ketone is treated according to a 
procedure similar to that of Stage 4b. Stages If to lh of the operating method of 
Example 1 above are applied to the quinolone obtained. A solid is obtained (m.p. > 
250 °C). 
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IR(KBr): 1655, 1728,3500 cm" 1 . 

NMR ! H (DMSO-d6 5 5): 0.86 (t, 3H); 1.42 (t, 1H); 1.59 (t, 2H); 1.84 (m, 9H); 3.04 (d, 
1H); 3.48 (d, 1H); 3.69 (m, 1H); 5.39 (d, 1H); 5.40 (s, 2H); 
5.53 (d, 1H); 6.06 (s, 1H); 7.38 (s, 1H); 7.70 (t, 1H); 7.83 (t, 1H); 
5 8.13 (d, lH);8.37(s, 1H). 

Example 9: (5/g)-5-ethvl-5-hvdroxv-12-(4-methvlphenyl)-4,543a5-tetrahydro- 
l/T,3/?-oxepino[3 , ,4 , :6,7]indolizino[l,2-ft]quinoline-3,15-dione. 

2-aminophenyl-4-methylphenylmethanone is treated according to a procedure similar to 
Stage 4b. Stages If to lh of the operating method of Example 1 above are applied to the 
10 quinolone obtained. A solid is obtained (m.p. > 280 °C). 
IR (KBr): 1655, 1754, 3407 cm' 1 . 

NMR ! H (DMSO-d6, 5): 0.87 (t, 3H); 1.87 (q, 2H); 2.47 (s, 3H); 3.07 (d, 1H); 3.48 (d, 
1H); 5.07 (d, 2H); 5.39 (d, 1H); 5.49 (d, 1H); 6.04 (s, 1H); 

7.45 (s, 1H); 7.48 (m, 2H); 7.54 (m, 2H); 7.65 (m, 1H); 7.85 (m, 2H); 
15 8.22 (d, 1H). 

Example 10: (5/?)-10-chloro-5-ethyl-12-(2-fluorophenyl)-5-hydroxy-4,5,13,15- 
tetrahydro-l/T,3^-oxepino[3%4 f :6,7]indolizino[l,2-A]quinoline-3,15-dione. 

2-amino-5-chlorophenyl-2-fluorophenylmethanone is treated according to a procedure 
similar to that of Stage 4b. Stages If to lh of the operating method of Example 1 above 
20 are applied to the quinolone obtained. A solid is obtained (m.p. > 250 °C). 
IR (KBr): 1656, 1744, 3397 cm" 1 . 

NMR ! H (DMSO-d6, 8): 0.86 (t, 3H); 1.85 (q, 2H); 3.06 (d, 1H); 3.47 (d, 1H); 4.93 (d, 
1H); 5.17 (d, 1H); 5.37 (d, 1H); 5.49 (d, 1H); 6.05 (s, 1H); 

7.46 (s, 1H); 7.50 - 7.65 (m, 3H); 7.65 - 7.80 (m, 2H); 7.91 (d, 1H); 
25 8.27 (d, 1H). 

Example 11: (5/f)-5-ethyl-9,10-difluoro-5-hydroxy-12-phenyl-4,5,13,15-tetrahydro- 
l/^,3/^-oxepino[3%4 f :6,7]indolizino[l,2-A]quinoline-3,15-dione 

Stage 11a: 6,7-difluoro-2-phenyl-4/T-benzo[d][3.1]oxazine-4-one. 

A mixture of 2-amino-4,5-difluorobenzoic acid (3.46 g; 20 mmol) and benzoyl chloride 
30 (56 ml; 480 mmol) is taken to reflux for 16 hours, then poured into a saturated aqueous 
solution of sodium bicarbonate (200 ml) and agitated at 80°C for 2 hours. The resulting 
mixture is extracted with dichloromethane (2 x 100 ml). The combined extracts are 
washed with water and with a saturated solution of sodium chloride, then dried over 
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magnesium sulphate and concentrated under reduced pressure. The residue is taken up 
in ethyl ether and the precipitate thus formed is recovered by filtration, washed with 
ethyl ether, and dried under reduced pressure to produce 3.2 g of a white solid (m.p.: 
154°C). 

5 IR (KBr): 1613, 1657, 3341, 3467 cm" 1 . 

NMR *H (DMSO-d6, 8): 7.5-7.8 (m, 3H); 7.8-7.9 (m, 1H); 8.1-8.3 (m, 1H). 

Stage lib: 2-benzoyl-4,5-difluoro-l-phenylcarboxamidobenzene. 

A suspension of benzoxazine (obtained according to Stage 11a; 6.78 g; 26 mmol) in 
dichloromethane (260 ml) is treated dropwise under argon at -78°C with 

10 phenylmagnesium bromide (3M in ethyl ether; 22 ml; 66 mmol). The resulting mixture 
is agitated at -78°C for 1 hour, then hydrolyzed by adding a saturated aqueous solution 
of ammonium chloride (200 ml) and extracted with dichloromethane (2 x 100 ml). The 
combined extracts are washed with water and with a saturated aqueous solution of 
sodium chloride, then dried over magnesium sulphate and concentrated under reduced 

15 pressure. The residue taken up in isopropyl ether produces whites crystals which are 
recovered by filtration and dried . 7.3 g of product is obtained (m.p.: 58-59°C). 
IR (KBr): 1423, 1537, 1599, 1682 cm' 1 . 

NMR ! H (DMSO-d6, 5): 7.4-7.6 (m, 9H); 7.69 (d, 2H); 7.88 (dd, 1H). 
Stage 11c: 2-amino-4,5-difluorophenyl-phenylmethanone. 

20 A solution of Af-benzoylated amino-ketone (obtained according to Stage lib; 7.3 g; 
21.7 mmol) in glacial acetic acid (300 ml) is treated with hydrobromic acid at 48% 
(150 ml) and the reaction medium is taken to reflux for 10 hours. After cooling down to 
ambient temperature, the resulting mixture is concentrated under reduced pressure, then 
taken up in a saturated aqueous solution of sodium bicarbonate (200 ml) and extracted 

25 with ethyl acetate (2 x 100 ml). The combined extracts are washed with water and with 
a saturated aqueous solution of sodium chloride, then dried over magnesium sulphate 
and concentrated under reduced pressure. The residue is taken up with pentane and the 
precipitate thus formed is recovered by filtration to produce 4 g of a light yellow solid 
(m.p.: 100-101 °C). 

30 IR(KBr):1514, 1563, 1645,3372,3482 cm" 1 . 

NMR H (DMSO-d6, 5): 6.83 (dd, 1H); 7.1-7.4 (m, 3H); 7.5-7.7 (m, 5H). 

Stage lid: (5i?)-5-ethyl-9,10-dinuoro-5-hydroxy-12-phenyl-4,5 5 13,15-tetrahydro- 
l^S^-oxepinoP'^'^^lindolizinotljZ-ftlquinoline-S^S-dione. 
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The aminoketone obtained in Stage 11c is treated according to a procedure similar to 
that of Stage 4b. Stages If to lh of the operating method of Example 1 above are 
applied to the quinolone obtained. A solid is obtained (m.p. > 250 °C). 
IR (KBr):1659, 1734, 3386 cm'' 
5 NMR ! H (DMSO-d6, 8): 0.85 (t, 3H); 1.80 (q 3 2H); 3.06 (d, 1H); 3.45 (d, 1H); 5.00 (d, 
1H); 5.35 (d, 1H); 5.48 (d, 1H); 6.03 (s, 1H); 7.39 (s, 1H); 
7.55-7.75 (m, 6H); 8.24 (dd, 1H). 

Example 12: (5/f)-5-ethyl-9-fluoro-5-hydroxy-12-phenyI-4 5 5,13,15-tetrahydro- 
l J ff,3/r-oxepino[3 , ,4 t :6,7]indolizino[l 5 2-A]quinoline-3,15-dione. 

10 2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
to 1 1 c and the resulting aminoketone is treated according to a procedure similar to Stage 
4b. Stages If to lh of the operating method of Example 1 above are applied to the 
quinolone obtained. A solid is obtained (m.p. > 250 °C). 

NMR ! H (DMSO-d6, 5): 0.86 (t, 3H); 1.84 (q, 2H); 3.06 (d, 1H); 3.46 (d, 1H); 5.00 (d, 
15 1H); 5.08 (d, 1H); 5.37 (d, 1H); 5.49 (d, 1H); 6.03 (s, 1H); 
7.43 (s, 1H); 7.50 - 7.80 (m, 6H); 7.85 (t, 1H); 7.96 (d, 1H). 

Example 13: (5i?V12-butvl-5-ethvl-9a0-difluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l^S^-oxepinoIS'^^e^lindolizinoll^-ftlquinoline-SjlS-dione 

Stage 13a: iV-(3,4-difluorophenyl)acetamide. 

20 A mixture of 3,4-difluoroaniline (50 ml; 500 mmol) and triethylamine (70 ml; 
500mmol) in dichloromethane (1.5 1) is cooled down using an ice bath. Acetic 
anhydride (71.5 ml; 750 mmol) is added dropwise and the reaction mixture is agitated 
for 1 hour at ambient temperature. The mixture obtained is then washed sequentially 
with water, with a solution of sodium bicarbonate at 1 0%, and with a saturated aqueous 

25 solution of sodium chloride. The organic fraction, dried over sodium sulphate, is 
concentrated under reduced pressure. The residue is suspended in pentane, filtered and 
dried under reduced pressure in order to produce the expected anilide, a beige solid 
(m.p.: 126-127.5 °C). 

NMR ! H (DMSO-d6, 5): 2.15 (s, 3H); 7.10-7.65 (m, 2H); 7.65-8.10 (m, 1H); 
30 10.30 (broad peak, 1 H). 

Stage 13b: 2-chloro-6/7-difluoro-3-quinolinecarbaldehyde. 

The acetanilide obtained according to Stage 13a (32 g; 220 mmol) is added to a 
Vilsmeyer's reagent obtained under argon with anhydrous A^Af-dimethylformamide 
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(34 ml; 440 mmol) cooled down using an ice bath, treated dropwise with phosphorus 
oxychloride (103 ml; 1.1 mol), then agitated for 0.5 hours before allowing the 
temperature to rise to ambient temperature. The mixture thus obtained is agitated at 
70°C for 16 hours, then cooled down to ambient temperature. The reaction medium is 
5 then poured dropwise into a water-ice mixture (400 ml), and the resulting mixture is 
agitated for 2 hours. The precipitate obtained is filtered and washed with water until the 
pH is neutral, then dried under reduced pressure in the presence of phosphorus 
pentoxide in order to produce a yellow solid (m.p.: 226-229 °C). 
IR(KBr): 888, 1061, 1262, 1507, 1691 cm" 1 . 
10 NMR "h (DMSO-d6, 5): 8.17 (dd, 1H); 8.39 (dd, 1H); 8.97 (d, 1H); 
10.34 (d, 1H). 

Stage 13c: 2-chloro-6,7-difluoro-3-quinolylmethanol. 

A suspension of quinoline-carbaldehyde obtained according to Stage 1 3b (9 g; 
39 mmol) in methanol (400 ml) is treated with sodium borohydride (2 g; 53 mmol) at 

15 ambient temperature for 0.5 h. The excess borohydride is destroyed by acetic acid 
(2 ml) and the reaction medium is concentrated under reduced pressure. The residue, 
taken up in ethyl acetate (500 ml), is washed sequentially with an aqueous solution of 
sodium bicarbonate at 10%, with water, and with a saturated aqueous solution of 
sodium chloride. The organic phase, dried over magnesium sulphate, is concentrated 

20 under reduced pressure. The residue is recrystallized from 1 ,2-dichloroethane in order to 
produce the expected quinolylmethanol, a beige solid (m.p.: 166,5-167°C). 
IR (KBr): 871, 1038, 1253, 1513 cm" 1 . 

NMR H (DMSO-d6, 5): 4.67 (d, 2H); 5.80 (t, 1H); 8.01 (dd, 1H); 
8.22 (dd, 1H); 8.48 (s, 1H). 

25 Stage 13d: (5^)-5-ethyl-9,10-difluoro-5-hydroxy-4,5,13 5 15-tetrahydro-l/r,31f- 
oxepinoP'^'^jTlindolizinoIl^-^quinoline-SjlS-dione. 

The quinolylmethanol obtained in Stage 1 3c is treated with (+)-EHHOPD according to 
the procedure in Stage lh. A white solid is obtained. 
IR (KBr): 871, 1261, 1512, 1579, 1654, 1746 cm' 1 . 
30 NMR *H (DMSO-d6, 8): 0.87 (t, 3H); 1.85 (m, 2H); 3.08 (d, 1H); 3.44 (d, 1H); 
5.26 (s, 2H); 5.39 (d, 2H); 5.52 (d, 1H); 5.99 (s, 1H); 7.39 (s, 1H); 8.15 (dd, 1H); 8.23 
(dd, 1H); 8.68 (s, 1H). 



Stage 13e: (5i2)-12-butyl-5-ethyl-9 5 10-difluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l^S/^-oxepinoP'^'^jTlindolizinoll^-ftlquinoline-SjlS-dione, 
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The product of Stage 13d (100 mg; 0.25 mmol) is dissolved in a mixture of water 
(1.33 ml) and sulphuric acid at 95% (1 ml). Heptahydrated iron (III) sulphate (28 mg; 
0.10 mmol); valeraldehyde (0.17 ml; 1.60 mmol) are added to this solution and the 
resulting solution is cooled down with an ice bath. The reaction medium is then treated 
5 dropwise with hydrogen peroxide at 30% (0.38 ml; 1 mmol); agitated for 5 hours at 
ambient temperature, then diluted with water (50 ml) and extracted with 
dichloromethane (4 x 50 ml). The combined extracts are washed with water and with a 
saturated aqueous solution of sodium chloride, then dried over magnesium sulphate and 
concentrated under reduced pressure. The residue is purified by chromatography at 
10 medium pressure (Si0 2 , MeOH/CH 2 Cl 2 , 5/95) in order to produce the expected solid 

(m.p. > 275 °C). 

IR (KBr): 1656, 1748, 3385 cm \ 

NMR H (DMSO-d6, 5): 0.85 (t, 3H); 0.94 (t, 3H); 1.47 (q, 2H); 1.64 (m, 2H); 
1.83 (q, 2H); 3.05 (d, 1H); 3.16 (m, 2H); 3.47 (d, 1H); 5.27 (s, 2H); 
15 5.39 (d, 1H); 5.52 (d, 1H); 6.05 (s, 1H); 7.35 (s, 1H); 8.13 (m, 1H); 
8.32 (m, 1H). 

Example 14: (5if)-12-benzyI-5-ethyl-9 5 10-difluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l^S^-oxepinoP'^'ie^lindolizinotljZ-ftlquinoline-SjlS-dione. 

The product of Stage 13d is treated with phenylacetaldehyde according to a procedure 
20 similar to that of Stage 13e in order to produce the expected solid (m.p. 275 °C (dec.)). 
IR (KBr): 1656, 1707, 1749 cm" 1 . 

NMR ! H (DMSO-d6, §): 0.86 (t, 3H); 1.84 (q, 2H); 3.05 (d, 1H); 3.48 (d, 1H); 
4.64 (s, 2H); 5.19 (d, 2H); 5.38 (d, 1H); 5.51 (d, 1H); 6.06 (s, 1H); 
7.20 (m, 1H); 7.26 (m, 4H); 7.37 (s, 1H); 8.15 (t, 1H); 8.31 (t, 1H). 

25 Example 15: (5i?)-5-ethyI-9a0-difluoro-5-hydroxy-12-propyl-4,5a3,15-tetrahydro- 
l^S.ff-oxepinoP'^'rejVlindolizinotljZ-ftlquinoline-SjlS-dione. 

The product of Stage 13d is treated with butyraldehyde according to a procedure similar 
to that of Stage 13e in order to produce the expected solid (m.p. 250°C). 
IR (KBr): 1656, 3425 cm" 1 . 
30 NMR ! H (DMSO-d6, 6): 0.86 (t, 3H); 1.04 (t, 3H); 1.70 (q, 2H); 1.84 (q, 2H); 3.07 (d, 
1H); 3.15 (t, 2H); 3.46 (d, 1H); 5.25 (s, 1H); 5.39 (d, 1H); 
5.52 (d, 1H); 6.02 (s, 1H); 7.36 (s, 1H); 8.12 (m, 1H); 8.34 (m, 1H). 



Example 16: (5j?)-5J2-diethyl-9a0-dinuoro-5-hydroxy-4,5,13q5-tetrahydro- 
l^jy-oxepinoP'^^ejlindolizinoIl^-ftlquinoline-S^lS-dione. 
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The product of Stage 13d is treated with propionaldehyde according to a procedure 
similar to that in Stage 13e in order to produce the expected solid (m.p. > 275°C). 
IR(KBr): 1656, 1725, 3308 cm" 1 . 

NMR l H (DMSO-d6, 8): 0.85 (t, 3H); 1.28 (t, 3H); 1.83 (q, 2H); 3.05 (d, 1H); 3.19 (q, 
5 2H), 3.47 (d 3 1H); 5.29 (s, 2H); 5.39 (d, 1H); 5.52 (d, 1H); 
6.06 (s, 1H); 7.36 (s, 1H); 8.15 (m, 1H); 8.35 (m, 1H). 

Example 17: (5igV5-ethvI-9J0-difluoro-5-hvdroxv-12-(2-trimethvlsilvlethvlV 

4,5,13,15-tetrahydro-l/r,3/T-oxepino[3S4 , :6,7]indolizino[l J 2-6]quinoline-3,15- 

dione. 

10 The product of Stage 13d is treated with 3-trimethylsilylpropanal (obtained according to 
Sarkar, T. K. 5 et al., Tetrahedron (1990), vol. 46, p. 1885) according to a procedure 
similar to Stage 13e in order to produce the expected solid (m.p. 276°C). 
NMR ! H (DMSO-d6, 5): 0.14 (s, 9H); 0.86 (m, 5H); 1.83 (q, 2H); 3.07 (m, 3H); 3.46 
(d, 1H); 5.26 (s, 2H); 5.40 (d, 1H); 5.51 (d, 1H); 6.06 (s, 1H); 

15 7.34 (s, 1H); 8.14 (m, 2H). 

Example 18: (5i?V5-ethvl-9ai-difluoro-5-hvdroxv-4.5.13a5-tetrahvdro-liy,3Jy- 
oxepino[3* 9 4 , :6 9 7]indolizino[l 9 2-6]quinoline-3,15-dione. 

The operation is carried out with 3,5-difluoroaniline according to Stages 13a to 13c and 
the quinolylmethanol thus obtained is treated with (+)-EHHOPD according to the 
20 procedure of Stage lh. A white solid is obtained (m.p. 227 °C (dec.)). 
IR(KBr): 1638, 1748, 3310 cm" 1 . 

NMR J H (DMSO-d6, 5): 0.87 (t, 3H); 1.85 (q, 2H); 3.07 (d, 1H); 3.46 (d, 1H); 5.26 (s, 
2H); 5.40 (d, 1H); 5.52 (d, 1H); 6.03 (s, 1H); 7.42 (s, 1H); 
7.70 (t, 1H); 7.80 (d, 1H); 8.82 (s, 1H). 

25 Example 19: (5i?V12-butvl-5-ethvl-9ai-difluoro-5-hvdroxv-4.5a3.15-tetrahvdro- 
l/r^/r-oxepinolS'^'^^JindolizinoIl^-ftlquinoline-SjlS-dione. 

The product of Example 18 is treated with valeraldehyde according to a procedure 
similar to that of Stage 13e in order to produce the expected solid (m.p. 190 °C). 
IR (KBr): 1657, 1751, 3385 cm* 1 . 
30 NMR ! H (DMSO-d6, 5): 0.86 (t, 3H); 0.96 (t, 3H); 1.49 (q, 2H); 1.66 (q, 2H); 1.84 (q, 
2H); 3.07 (d, 1H); 3.46 (d, 1H); 5.30 (s, 2H); 5.40 (d, 1H); 
5.53 (d, 1H); 6.03 (s, 1H); 7.39 (s, 1H); 7.67 (t, 1H); 7.78 (d, 1H). 
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Example 20: (5/gV5J2-diethvl-9a l-difluoro-5-hvdroxv-4,5,13q5-tetrahvdro- 
lJ/jS^r-oxepinoIS'^'^jTlindolizinofl^-Alquinoline-SjlS-dione. 

The product of Example 1 8 is treated with propionaldehyde according to a procedure 
similar to that in Stage 13e to produce the expected solid (m.p. 255°C). 
5 NMR *H (DMSO-d6 5 5): 0.86 (t, 3H); 1.33 (t, 3H); 1.84 (q 5 2H); 3.06 (d, 1H); 3.29 (m, 
2H); 3.57 (d, 1H); 5.28 (s, 2H); 5.35 (d, 1H); 5.53 (d, 1H); 
6.04 (s, 1H); 7.38 (s, 1H); 7.69 (m, 1H); 7.80 (m, 1H). 

Example 21 : (5j?)-5-ethyl-5-hvdroxv-12-propyl-4,5,13 ,15-tetrahydro-l H£H- 
oxepinoP'^'re^JindoIizinoIl^-Alquinoline-SjlS-dione. 

10 (57?)-5-ethyl-5-hydroxyA5J3,154etra^ 

[l,2-6]quinoline-3,15-dione (obtained according to the procedure described in the PCT 
Patent Application WO 97/00876) is treated with butyraldehyde according to a 
procedure similar to that of Stage 13e in order to produce the expected solid 
(m.p. 265 °C (dec.)). 

15 IR (KBr): 1590, 1653, 3287 cm" 1 . 

NMR l H (DMSO-d6, 5): 0.87 (t, 3H); 1.06 (t, 3H); 1.73 (q, 2H); 1.82 (q, 2H); 3.06 (d, 
1H); 3.19 (t, 2H); 3.48 (d, 1H); 5.24 (s, 2H); 5.31 (d, 1H); 
5.54 (d, 1H); 6.02 (s, 1H); 7.38 (s, 1H); 7.72 (t, 1H); 7.85 (t, 1H); 
8.15 (d, 1H); 8.28 (d, 1H). 

20 Example 22: (5/?)-5-ethvl-5-hydroxy-12-(2-trimethylsilylethyn-4,5a3q5- 
tetrahydro-l/^S/f-oxepinoP'^'^jTlindolizinofl^-^lquinoIine-SjlS-dione. 

(5/?)-5-ethyl-5-hydroxy-4,5 5 1 3, 1 5-tetrahydro- l//,3^-oxepino[3' 5 4':6,7]indolizino 
[l,2-ft]quinoline-3,15-dione (obtained according to the procedure described in the PCT 
Patent Application WO 97/00876) is treated with 3-trimethylsilylpropanal (obtained 
25 according to Sarkar, T. K., et al. 5 Tetrahedron (1990), vol.46, p. 1885) according to a 
procedure similar to that of Stage 13e in order to produce the expected solid 
(m.p. > 250°C). 

IR (KBr): 1655, 1753, 3420 cm" 1 . 

NMR H (DMSO-d6, 8): 0.11 (s, 9H); 0.88 (t, 3H); 0.91 (m, 2H); 1.89 (q, 2H); 3.07 (d, 
30 1H); 3.12 (m, 2H); 3.47 (d, 1H); 5.25 (s, 2H); 5.33 (d, 1H); 
5.41 (d, 1H); 5.54 (d, 1H); 6.02 (s, 1H); 7.39 (s, 1H); 7.73 (t, 1H); 
7.82 (t, 1H); 8.15 (s, 1H). 



Example 23: (5/f)-12-butyI-5-ethyI-9-fluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l^S/T-oxepinoP'^'^^lindoIizinoIl^-ftlquinoline-S^lS-dione. 
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The product of Example 2 is treated with valeraldehyde according to a procedure 
similar to Stage 13e to produce the expected solid (m.p. 235-236°C). 
NMR *H (DMSO-d6, 5): 0.86 (t, 3H); 0.95 (t, 3H); 1.48 (m 3 2H); 1.67 (m, 2H); 1.85 (q, 
2H); 3.06 (d, 1H); 3.20 (t, 2H); 3.46 (d, 1H); 5.27 (s, 2H); 
5 5.40 (d, 1H); 5.53 (d, 1H); 6.02 (s, 1H); 7.38 (s, 1H); 7.64 (t, 1H); 
7.87 (d, 1H); 8.36 (dd, 1H). 

Example 24: (5i?V5J2-diethyl-9-fluoro-5-hydroxy^,13,15-tetrahydro-liy,3^- 
oxepinoP'^'^^lindolizinofljZ-ftlquinoline-S^S-dione. 

The product of Example 2 is treated with propionaldehyde according to a procedure 
10 similar to Stage 13e in order to produce the expected solid. 

NMR ! H (DMSO-d6 ? 8): 0.86 (t, 3H); 1.31 (t, 3H); 1.85 (q, 2H); 3.06 (d, 1H); 3.22 (q, 
2H); 3.47 (d, 1H); 5.24 (s, 2H); 5.39 (d, 1H); 5.53 (d, 1H); 
6.03 (s, 1H); 7.38 (s, 1H); 7.64 (t, 1H); 7.87 (d, 1H); 8.37 (dd, 1H). 

Example 25: (5igV5-ethyl-5-hydroxy-12-isopentyl-4,5a3q5-tetrahydro-liy,3^- 
15 oxepinoP'^'^jTlindolizinoIl^-AJquinoline-SjlS-dione, 

2-aminobenzonitrile is treated with isopentylmagnesium bromide according to a 
procedure similar to Stage 4a and the resulting amino-ketone is treated according to a 
procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
above are applied to the quinolone obtained. A solid is obtained (m.p. 263 °C). 
20 IR (KBr): 1655, 1743, 3343 cm" 1 . 

NMR l H (DMSO-d6, 5): 0.85 (t, 3H); 1.00 (d, 6H); 1.54 (m, 2H); 1.79 (m, 1H); 1.82 
(m, 2H); 3.06 (4, 1H); 3.14 (m, 2H); 3.45 (d, 1H); 5.20 (s, 2H); 
5.38 (d, 1H); 5.52 (d, 1H); 5.99 (s, 1H); 7.37 (s, 1H); 7.70 (t, 1H); 
7.82 (t, 1H); 8.12 (d, 1H); 8.19 (d, 1H). 

25 Example 26: (57?)-5-ethyl-12-(4-fluorophenyl)-5-hydroxy-4,5,13,15-tetrahydro- 
l^S/T-oxepinoP'^^e^lindolizinoIljl-ftlquinoline-SjlS-dione. 

2-aminobenzonitrile is treated by 4-fluorophenylmagnesium bromide according to a 
procedure similar to Stage 4a and the resulting amino-ketone is treated according to a 
procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
30 above are applied to the quinolone obtained. 

Example 27: (5i?)-12-(2,6-difluorophenyl)-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro- 
l/^,3/r-oxepino[3 f ,4 ? :6 5 7]indolizino[l ? 2-ft]quinoline-3,15-dione. 
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2-aminobenzonitrile is treated by 2,6-difluorophenylmagnesium bromide according to a 
procedure similar to Stage 4a and the resulting amino-ketone is treated according to a 
procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
above are applied to the quinolone obtained. 

5 Example 28: (5i?)-12-(3,5-difluorophenyl)-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro- 
m^-oxepinoP'^'^JlindolizinoIl^-Alquinoline-SJS-dione. 

2-aminobenzonitrile is treated with 3,5-difluorophenylmagnesium bromide according to 
a procedure similar to Stage 4a and the resulting amino-ketone is treated according to a 
procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
10 above are applied to the quinolone obtained. 

Example 29: f5jg)-5-ethvl-5-hvdroxy-12-(3,4 1 5-trifluorophenyI)-4,5q3,15- 
tetrahydro-l^S/r-oxepinoP'^'^jTlindolizinoll^-Alquinoline-SjlS-dione, 

2-aminobenzonitrile is treated with 3,4,5-trifluorophenylmagnesium bromide according 
to a procedure similar to Stage 4a and the resulting amino-ketone is treated according to 
15 a procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
above are applied to the quinolone obtained. 

Example 30: (5j?)-5-ethyl-5-hydroxy-12-(2,4,6-trifluorophenyl)-4,5,1345- 
tetrahydro-l^,3/T-oxepino[3%4 , :6,7]indolizino[l,2-A]quinoline-3,15-dione, 

2-aminobenzonitrile is treated with 2,4,6-trifluorophenylmagnesium bromide according 
20 to a procedure similar to Stage 4a and the resulting amino-ketone is treated according to 
a procedure similar to Stage 4b. Stages If to lh of the operating method of Example 1 
above are applied to the quinolone obtained. 

Example 31: (5i?)-5-ethyl-5-hydroxy-12-(2,3,5,6-tetrafluorophenyl)-4,5,13,15- 
tetrahydro-l^S^-oxepinoP'^'^^lindolizinoIl^-Alquinoline-SylS-dione. 

25 2-aminobenzonitrile is treated with 2,3,5,6-tetrafluorophenylmagnesium bromide 
according to a procedure similar to Stage 4a and the resulting amino-ketone is treated 
according to a procedure similar to Stage 4b. Stages If to lh of the operating method of 
Example 1 above are applied to the quinolone obtained. 



Example 32: (5i?)-5-ethyl-5-hydroxy-12-(2,3,4,5,6-pentafluorophenyl)-4,5,13,15- 
30 tetrahydro-l/TjSlT-oxepinoP'^'^jVlindolizinoIl^-AlquinolineOqS-dione. 
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2-aminobenzonitrile is treated with 2,3,4, 5,6-pentafluorophenylmagnesium bromide 
according to a procedure similar to Stage 4a and the resulting amino-ketone is treated 
according to a procedure similar to Stage 4b. Stages If to Ih of the operating method of 
Example 1 above are applied to the quinolone obtained. 

5 Example 33: (5/?)-5-ethyl-9-fluoro-12-(4-fluorophenyl)-5-hydroxy-4,5,13,15- 
tetrahydro-l^S^-oxepinoP'^'^jTJindoIizinoIl^-Alquinoline-S^S-dione. 

2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 1 la 
to 1 lc using 4-fluorophenylmagnesium bromide of Stage 1 lb, and the resulting amino- 
ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of the 
10 operating method of Example 1 above are applied to the quinolone obtained. 

Example 34: (5/?)-12-(2,6-difluorophenyl)-5-ethyl-9-fluoro-5-hydroxy-4,543,15- 
tetrahydro-l^^^-oxepinoP'^'^jTlindolizinoIl^-^lquinoline-SjlS-dione, 

2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
to 11c using 2,6-difluorophenylmagnesium bromide of Stage lib, and the resulting 
15 amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

Example 35: (5ig)-12-(3,5-difluorophenyl)-5-ethyl-9-fluoro-5-hydroxy-4,5,13,15- 
tetrahydro-lJy,3/T-oxepino[3%4 ? :6,7]indolizino[l,2-6]quinoline-3,15-dione. 

2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
20 to 11c using 3,5-difluorophenylmagnesium bromide of Stage lib, and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

Example 36: (5i?)-5-ethyl-9-fluorQ-5-hydroxy-12-(3,4,5-trifluorophenyl)-4,5,13,15- 
tetrahydro-l^,3Jy-oxepino[3^4':6,7]indolizino[l,2-6]quinoline-345-dione. 

25 2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
to 11c using 3,4,5-trifluorophenylmagnesium bromide of Stage lib and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 



Example 37: (5/g)-5-ethyl-9-fluoro-5-hydroxy-12-(2,4,6-trifluorophenyl)-4,5,13,15- 
30 tetrahydro-l!T J 3J/-oxepino[3 t ,4 , :6,7]indolizino[l 5 2-6]quinoline-3,15-dione. 
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2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
to 11c using 2,4,6-trifluorophenylmagnesium bromide of Stage lib, and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

5 Example 38: (S/gyS-ethvl-^fluoro-S-hydroxv-lI-fl^^-tetrafluorophenyl)- 
4,54345-tetrahydro-l/^,3/^-oxepino[3 ? ,4 f :6,7]indolizino[l,2-6]quinoline-3,15- 
dione. 

2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
to 11c using 2,3,5,6-tetrafluorophenylmagnesium bromide of Stage lib, and the 
10 resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to lh of the operating method of Example 1 above are applied to the quinolone 
obtained. 

Example 39: (5if)-5-ethyl-9-fluoro-5-hydroxy-12-(2,3)4,5,6-pentafluorophenyl)- 
4,5,13,15-tetrahydro-l^,3/^-oxepino[3^4 ? :6,7]indoIizino[l,2-A]quinoline-3,15- 
15 dione. 

2-amino-4-fluorobenzoic acid is treated according to a procedure similar to Stages 11a 
to 11c using 2,3,4,5,6-pentafluorophenylmagnesium bromide of Stage lib, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages if 
to lh of the operating method of Example 1 above are applied to the quinolone 
20 obtained. 

Example 40: (5/?)-5-ethyl-9,10-difluoro-12-(4-fluorophenyl)-5-hydroxy-4,5,13,15- 
tetrahydro-l^S/r-oxepinoIS'^'^jTlindolizinoIl^-AJquinoline-SjlS-dione. 

2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
11a to 11c using 4-fluorophenylmagnesium bromide of Stage lib, and the resulting 
25 amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

Example 41: (5if)-12-(2,6-difluorophenyl)-5-ethyl-9 5 10-difluoro-5-hydroxy- 

4,5,13,15-tetrahydro-l J W,3/r-oxepino[3 t ,4 t :6,7]indolizino[l,2-d]quinoline-3,15- 

dione. 

30 2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
1 la to 11c using 2,6-difluorophenylmagnesium bromide of Stage 1 lb, and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 
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Example 42: (5i?)-12-(3,5-difluorophenyl)-5-ethyl-9,10-difluoro-5-hydroxy- 

4,5,13,15-tetrahydro-l^J^^ 

dione. 

2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
5 11a to 11c using 3,5-difluorophenylmagnesium bromide of Stage 1 lb, and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

Example 43: f57g)-5-ethvl-9q0-difluoro-5-hydroxy-12-(3,4,5-trifluorophenyl)- 
4,5,13,15-tetrahydro-liy,3Z^^^ 
10 dione. 

2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
11a to 11c using 3,4,5-trifluorophenylmagnesium bromide of Stage lib, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to lh of the operating method of Example 1 above is applied to the quinolone obtained. 

1 5 Example 44: (5if)-5-ethyl-9,10-difluoro-5-hydroxy-12-(2,4,6-trifluorophenyl)- 
4,5A345-tetrahydro-m,3/T-oxepino[3%4^6,7]indolizino[l,2-6]quinoline-3,15- 
dione. 

2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
11a to 11c using 2,4,6-trifluorophenylmagnesium bromide of Stage lib, and the 
20 resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages 1 f 
to lh of the operating method of Example 1 above are applied to the quinolone 
obtained. 

Example 45: (5i?)-5-ethyl-940-difluoro-5-hydroxy-12-(2355.6-tetrafluorophenyl)- 
4,5,13,15-tetrahydro-li/,3^^ 
25 dione. 

2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
11a to 11c using 2,3,5,6-tetrafluorophenylmagnesium bromide of Stage lib, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to lh of the operating method of Example 1 above are applied to the quinolone 
30 obtained. 



Example 46: (5J?)-5-ethyl-9q0-difluoro-5-hydroxy-12-(23,4,5,6- 

pentafluorophenyl^jS^SjlS-tetrahydro-l^S^-oxepinoP'^'^jTlindolizinoll^- 

6]quinoline-3,15-dione. 



THIS PAGE BLANK (uspto) 



-44- 



2-amino-4,5-difluorobenzoic acid is treated according to a procedure similar to Stages 
1 la to 11c using 2,3,4,5,6-pentafluorophenylmagnesium bromide of Stage 1 lb, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to Ih of the operating method of Example 1 above are applied to the quinolone 
5 obtained. 

Example 47: (5/gV5-ethvl-9ai-difluoro-12-(4-fluorophenyl)-5-hydroxy-4,5a3q5- 
tetrahydro-l^S/T-oxepinoP'^'^jVlindolizinoIl^-ftlquinoline-SjlS-dione, 

2-amino-4,6-difluoroben2:oic acid is treated according to a procedure similar to Stages 
11a to 11c using 4-fluorophenylmagnesium bromide of Stage lib, and the resulting 
10 amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

Example 48: (57?)-12-(2,6-difluorophenyl)-5-ethyl-9,ll-difluoro-5-hydroxy- 

4,5^3^5-tetrahydro-liy,3^oxepino[3S4 , :6,7]indolizino[l,2-A]quinoline-3,15- 

dione. 

15 2-amino-4,6-difluorobenzoic acid is treated according to a procedure similar to Stages 
1 la to 11c using 2,6-difluorophenylmagnesium bromide of Stage 1 lb, and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
the operating method of Example 1 above are applied to the quinolone obtained. 

Example 49: (5ig)-12-(3,5-difluorophenyl)-5-ethyl-9,ll-difluoro-5-hydroxy- 
20 4,5,13 J5-tetrahydro-m,3/^-oxepino[3S4 t :6,7]indolizino[l,2-6]quinoline-3,15- 
dione. 

2-amino-4 5 6-difluorobenzoic acid is treated according to a procedure similar to Stages 
1 la to 11c using 3,5-difluorophenylmagnesium bromide of Stage 1 lb, and the resulting 
amino-ketone is treated according to a procedure similar to Stage 4b. Stages If to lh of 
25 the operating method of Example 1 above are applied to the quinolone obtained. 

Example 50: (5if)-5-ethyI-9,ll-difluoro-5-hydroxy 

4,5a3a5-tetrahydro-m,3^^ 

dione. 

2-amino-4,6-difluorobenzoic acid is treated according to a procedure similar to Stages 
30 11a to 11c using 3,4,5-trifluorophenylmagnesium bromide of Stage lib, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to lh of the operating method of Example 1 above are applied to the quinolone 
obtained. 
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Example 51 : (5/?)-5-ethyl-9,ll-difluoro-5-hydroxy-12-(2,4,6-trifluorophenyl)- 
4,543,15-tetrahydro-m3^-oxepino[3%4^6J]indolizino[l,2-6]quinoline-3,15- 
dione. 

2-amino-4,6-difluorobenzoic acid is treated according to a procedure similar to Stages 
5 11a to 11c using 2,4,6-trifluorophenylmagnesium bromide of Stage lib, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to lh of the operating method of Example 1 above are applied to the quinolone 
obtained. 

Example 52: (5j?)-5-ethyl-941-difluoro-5-hydroxy-12-(23,5,6-tetrafluorophenyl)- 
10 4,5,13,15-tetrahydro-1^3/T-oxepino[3%4^6,7]indolizino[l,2-6]quinoIine-3,15- 
dione. 

2-amino-4,6-difluorobenzoic acid is treated according to a procedure similar to Stages 
11a to 11c using 2,3,5,6-tetrafluorophenylmagnesium bromide of Stage lib, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
15 to lh of the operating method of Example 1 above are applied to the quinolone 
obtained. 

Example 53: (5i?)-5-ethyl-941-dinuoro-5-hydroxy-12-(2,3,4,5,6- 

pentafluorophenyl)^,5,1345-tetrahydro-l/r,3^-oxepino[3%4 f :6,7]indolizino[l,2- 

6]quinoline-3,15-dione. 

20 2-amino-4,6-difluorobenzoic acid is treated according to a procedure similar to Stages 
1 la to 11c using 2,3,4,5,6-pentafluorophenylmagnesium bromide of Stage 1 lb, and the 
resulting amino-ketone is treated according to a procedure similar to Stage 4b. Stages If 
to lh of the operating method of Example 1 above are applied to the quinolone 
obtained. 

25 Example 54: (5i?)-5-ethyl-9-fluoro-5-hydroxy-12-propyl-4,5,13,15-tetrahydro- 
l^/r-oxepinoP'^^ejlindolizinoll^-ftlquinoline-S^lS-dione. 

The product of Example 2 is treated with butyraldehyde according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 55: f5/?V5-ethyl-9-fluoro-5-hydroxy-12-(33,3-trifluoropropyl)-4,5,13,15- 
30 tetrahydro-lJy,3/^-oxepino[3^4^6J]indolizino[l 5 2-6]quinoline-3,15-dione. 

The product of Example 2 is treated with 4,4,4-trifluorobutyraldehyde according to a 
procedure similar to Stage 13e in order to produce the expected solid. 
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Example 56: (5/f)-5-ethyl-9-fluoro-5-hydroxy-l 2-isopentyl-4,5,13,l 5-tetrahy dro- 
l^S^-oxepinoIS'^'^jTlindolizinoJl^-ftlquinoline-SjlS-dione. 

The product of Example 2 is treated with 4-methylpentanal according to a procedure 
similar to Stage 1 3e in order to produce the expected solid. 

Example 57: (5ig)-5-ethvl-9-fluoro-5-hvdroxv-12-pentvl-4,5,13,15-tetrahvdro- 
l^S^-oxepinoP'^'^JlindolizinoIljI-ftlquinoline-SjlS-dione. 

The product of Example 2 is treated with hexanal according to a procedure similar to 
Stage 13e in order to produce the expected solid. 

Example 58: (5i?)-5-ethyl-9-fluoro-5-hydroxy-12-phenethyl-4,5 ? 13,15-tetrahydro- 
l^S/T-oxepinoP'^'^jTlindolizinoIljZ-Alquinoline-SjlS-dione. 

The product of Example 2 is treated with 3-phenylpropanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 59: (5i?)-12-decvl-5-ethvl-9-fluoro-5-hydroxy-4,5,13,15-tetrahydro- 
l/f^^-oxepinoP'^'^jTlindolizinoIl^-^lquinoline-SjlS-dione. 

The product of Example 2 is treated with undecanal according to a procedure similar to 
Stage 13e in order to produce the expected solid. 

Example 60: (5ig)-12-(2-cyclohexylethyl)-5-ethyl-9-fluoro-5-hydroxy-4,5,13,15- 
tetrahydro-l/T^/^-oxepinoP'^'^^lindolizinoIl^-Alquinoline-SylS-dione. 

The product of Example 2 is treated with 3-cyclohexylpropanal according to a 
procedure similar to Stage 13e in order to produce the expected solid. 

Example 61: (5ig)-12-(3,3-dimethylbutyl)-5-ethyl-9-fluoro-5-hydroxy-4,5J3a5- 
tetrahydro-l^S/T-oxepinoP'^'^^lindolizinoll^-Alquinoline-S^S-dione. 

The product of Example 2 is treated with 4,4-dimethylpentanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 62: f5i?V5-ethyl-9a0-difluoro-5-hydroxy-12-propyl-4,5q3a5-tetrahydro- 
l/jT,3^-oxepino[3 f ,4 f :6,7]indolizino[l,2-ft]quinoline-3,15-dione. 

The product of Stage 1 3d is treated with butyraldehyde according to a procedure similar 
to Stage 13e in order to produce the expected solid. 
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Example 63: (5 J R)-5-ethyl-9,10-difluoro-5-hydroxy-12-(3,3,3-trifluoropropyl)- 
4 9 543,15-tetrahydro-l/^,3^-oxepino[3^4^6,7]indolizino[l,2-ft]quinoline-3,15- 
dione. 

The product of Stage 13d is treated with 4,4,4-trifluorobutyraldehyde according to a 
procedure similar to Stage 1 3e in order to produce the expected solid. 

Example 64: (5/f)-5-ethyl-9,10-difluoro-5-hydroxy-12-isopentyl-4,5 5 13,15- 
tetrahydro-l/^,3/T-oxepino[3 f ,4 f :6,7]indolizino[l,2-ft]quinoline-3,15-dione. 

The product of Stage 13d is treated with 4-methylpentanal according to a procedure 
similar to Stage 1 3e in order to produce the expected solid. 

Example 65: (5if)-5-ethyl-9,10-difluoro-5-hydroxy-12-pentyl-4,5,13,15-tetrahydro- 
l/r,3/T-oxepino[3 f ,4 f :6,7]indolizino[l 5 2-A]quinoline-3,15-dione. 

The product of Stage 13d is treated with hexanal according to a procedure similar to 
Stage 1 3e in order to produce the expected solid. 

Example 66: (5/?)-5-ethyl-9,10-difluoro-5-hydroxy-12-phenethyl-4,5,13,15- 
tetrahydro-l/r,3^-oxepino[3 t ,4 , :6,7]indolizino[l,2-ft]quinoline-3,15-dione. 

The product of Stage 13d is treated with 3-phenylpropanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 67: (5j?)-12-decyl-5-ethvl-9a0-difluoro-5-hvdroxv-4,5J3q5-tetrahvdro- 
l^S^-oxepinoP'^'^^lindolizinoIl^-Alquinoline-SjlS-dione. 

The product of Stage 13d is treated with undecanal according to a procedure similar to 
Stage 13e in order to produce the expected solid. 

Example 68: (5/?V12-(2-cvclohexvlethvl)-5-ethvl-9J0-difluoro-5-hydroxv- 

4,5,13,15-tetrahydro-l/T,3^-oxepino[3 , ,4 , :6,7]indolizino[l,2-6]quinoline-3,15- 

dione. 

The product of Stage 13d is treated with 3-cyclohexylpropanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 



Example 69: (5/gV12-(3,3-dimethvlbutvn-5-ethvl-9q0-difluoro-5-hydroxy- 

4,5,13 5 15-tetrahydro-l/^,3/r-oxepino[3 , ,4 ? :6,7]indolizino[l,2-6]quinoline-3,15- 

dionc. 
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The product of Stage 13d is treated with 4,4-dimethylpentanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 70: (5/?)-5-ethyl-9,ll-difluoro-5-hydroxy-12-propyl-4,5,13,15-tetrahydro- 
l^iy-oxepinoP'^'^JlindolizinoIl^-Alquinoline-S^S-dione, 

The product of Example 18 is treated with butyraldehyde according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 71: (5i?)-5-ethvl-9ai-difluoro-5-hydroxy-12-(3,3,3-trifluoropropyl)- 

4,543^5-tetrahydro-lZT,3^oxe 

dione* 

The product of Example 1 8 is treated with 4,4,4-trifluorobutyraldehyde according to a 
procedure similar to Stage 13e in order to produce the expected solid. 

Example 72: (5j?)-5-ethvl-9ai-difluoro-5-hydroxy-12-isopentyl-4,5,13q5- 
tetrahydro-l^S^-oxepinoP'^'^^indolizinoll^-Alquinoline^jlS-dione. 

The product of Example 1 8 is treated with 4-methylpentanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 73: (5i?)-5-ethyl-9ai-difluoro-5-hydroxy-12-pentyl-4,5a3a5-tetrahydro- 
l/r,3/T-oxepino[3 T ,4 f :6,7]indoIizino[l,2-A]quinoline-3,15-dione. 

The product of Example 1 8 is treated with hexanal according to a procedure similar to 
Stage 13e in order to produce the expected solid. 

Example 74: (5/f)-5-ethyl-9,ll-difluoro-5-hydroxy-12-phenethyl-4 ? 5,13,15- 
tetrahydro-l/^,3j&-oxepino[3 f ,4 ? :6,7]indolizino[l,2-6]quinoline-3,15-dione. 

The product of Example 1 8 is treated with 3-phenylpropanal according to a procedure 
similar to Stage 13e in order to produce the expected solid. 

Example 75: (5/?)-12-decvl-5-ethyl-9qi-difluoro-5-hydroxy-4,543,15-tetrahydro- 
l/^3/T-oxepino[3 f ,4 f :6,7]indolizino[l,2-6]quinoline-3,15-dione. 

The product of Example 1 8 is treated with undecanal according to a procedure similar 
to Stage 13e in order to produce the expected solid. 
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Example 76: (5/?)-12-(2-cycIohexylethyl)«5-ethyl-9,l l-difluoro-5-hydroxy- 

4,5,13,15-tetrahydro-l/r,3 J ff-oxepino[3 , ,4 , :6,7]indolizino[l,2-A]quinoline-3 5 15- 

dione. 

The product of Example 18 is treated with 3-cyclohexylpropanal according to 
procedure similar to Stage 13e in order to produce the expected solid. 

Example 77: (5/?)-12-(3,3-dimethylbutyl)-5-ethyl-9 % ll-difluoro-5-hydroxy- 

4,5^3J5-tetrahydro-lJy,3iy-^^ 

dione. 



The product of Example 18 is treated with 4,4-dimethylpentanal according to 
procedure similar to Stage 13e in order to produce the expected solid. 
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PHARMACOLOGICAL STUDY OF THE PRODUCTS OF THE INVENTION 

Procedure 

Adenocarcinoma HT29 cells from the human colon are cultured in a single layer at 
37°C in a humidified atmosphere containing 95% of air and 5% of C0 2 , in a modified 

5 essential Earle's medium at 4.5 g/1 (Gibco, Paisley, United Kingdom); completed with 
10% of inactivated foetal calf serum, 2 mM of glutamine, and 50 ng/ml of gentamycin 
(Gibco, Paisley, United Kingdom). 

Approximately 2000 cells are seeded with the culture medium above in the wells of a 
microplate (96 wells, flat-bottomed) and incubated for 24 hours. Solutions in N,N- 
10 dimethyl-acetamide (DMA) of each of the examples of the invention, diluted in the 
culture medium so that the final concentration of DMA is 0.1% (v/v), are added to the 

-13 -5 

plate cultures in order to obtain final concentration ranges from 1x10 to 1x10 M, 
and the cells are incubated for 72 hours. 

The WST1 staining reagent, (Boehringer Mannheim, Germany) is then added to each 
15 well at a final concentration of 9%, and the cells are incubated for 2 hours at 37°C. This 
stage allows the mitochondrial dehydrogenase of the living cells to convert WST1 
orange tetrazolium salt into crimson formazan. The resulting stained solutions are 
quantified by dual-beam detection (450 and 690 nm) using a multi-cuvette scanning 
spectrophotometer. 

20 Results 

The results shown in the following table are expressed in terms of inhibitory 
concentration at 50% (IC 50 , in nM), accompanied by a confidence interval. The 

inhibitory activities of the adenocarcinoma HT29 cell proliferation of the human colon 
obtained with the examples of the invention are assessed, these activities being, in an 
25 unexpected fashion, superior to the activity of the reference compound described in the 
PCT Patent Application WO 97/000876. 
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Example 
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CLAIMS 



1. Product characterized in that it is of general formula (II) represented below: 




OH 



(II) 



in which 

R, represents a lower alkyl radical; 

R 2 , R 3 , R 4 and R 5 represent, independently, H or a halogen atom; 

R 6 represents H, a linear or branched alkyl radical 



containing 1 to 12 carbon atoms, a cycloalkyl, lower 
cycloalkyl alkyl, lower hydroxy alkyl, nitro or 
(CH 2 ) m SiR 7 R 8 R 9 radical, or also an aryl or lower 

aryl alkyl radical, substituted or non substituted on 
the aryl group, in which the substituent is a lower 
alkyl, a hydroxy group or a halogen atom; 
R 7 , R g and R^ represent, independently, H or a linear or branched 

alkyl radical containing 1 to 6 carbon atoms; 
m is an integer comprised between 0 and 6; 

it being understood that when R 2 represents H, R 6 represents a (CH 2 ) m SiR 7 R 8 R 9 radical 
or a linear or branched alkyl radical containing 7 to 12 carbon atoms; 

or salt of said product. 

2. Product according to claim 1, characterized in that R 6 represents a (CH 2 ) m SiR 7 R 8 R 9 
radical. 



3. Product according to claim 1 or 2, characterized in that Rj represents an ethyl radical. 
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4. Product characterized in that it is one of the following products: 

- (57?)-5-ethyl-l l-fluoro-5-hydroxy-4 5 5,13 3 15-tetrahydro-l//,3//- 
oxepino[3 , ,4 t :6 3 7]indolizino[l 5 2-Z?]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 177 5 3^- 
oxepino[3 f ,4 , :6 5 7]indolizino[l 5 2-Z?]quinoline-3 ? 15-dione; 

- (57?)-5-ethyl-8-fluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 //,3i/- 
oxepino[3 , ,4 t :6 5 7]indolizino[l,2-Z>]quinoline-3 5 15-dione; 

- (57?)- 1 2-benzyl-5-ethyl-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 //,3//- 
oxepino[3 , ,4 , :6,7]indolizino[l 5 2-Z?]quinoline-3,15-dione; 

- (57?)- 1 2-butyl-5-ethyl-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 //,3//- 
oxepino[3 , ,4 f :6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)-5, 1 2-diethyl-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1 //,3//- 
oxepino[3 l ,4':6,7]indolizino[l,2-Z?]quinoline-3,15-dione; 

- (57?)-5-ethyl-5-hydroxy- 1 2-phenyl-4,5 ,13,1 5-tetrahydro- 1 H,3H- 
oxepino[3',4 f :6,7]indolizino[ 1 ,2-Z>]quinoline-3, 1 5-dione; 

- (57?)- 1 2-cyclohexyl-5-ethyl-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 1/7,3/7- 
oxepino[3 t ,4':6,7]indolizino[l,2-Z>]quinoline-3,l 5-dione; 

- (57?)-5 -ethyl-5-hydroxy- 1 2-(4-methylphenyl)-4,5 , 13,15 -tetrahydro- 1 H,3H- 
oxepinofS'^'^^lindolizinofl^-^quinoline-SJS-dione; 

- (57?)- 1 0-chloro-5 -ethyl- 1 2-(2-fluorophenyl)-5 -hydroxy- 1 2-(4-methylphenyl)- 

4,5, 1 3, 1 5-tetrahydro-l//,377-oxepino[3',4 , :6 5 7]indolizino[ 1 ,2-6]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9,10-difluoro-5-hydroxy-l^^ 
oxepino[3',4 ! :6 ? 7]indolizino[l,2-6]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy-12-phenyl-4,5,13,15-tetrahydro-17/,3//- 
oxepino[3 , ,4 l :6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)- 1 2-butyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5 ,13,15 -tetrahydro- l/Z^Ty- 
oxepinoP^e^indolizinofl^-^quinoline-S,! 5-dione; 

- (57?)- 1 2-benzyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 17^,37/- 
oxepino[3 ! ,4':6,7]indolizino[ 1 ,2-fe]quinoline-3, 1 5-dione; 
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- (57?)-5-ethyl-9 3 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3 , 1 5-tetrahydro- l//,3i/- 
oxepino[3',4 , :6 3 7]indolizino[l 5 2-6]quinoline-3,15-dione; 

- (57?)-5 , 1 2-diethyl-9 3 1 0-difluoro-5-hydroxy-4,5 , 13,1 5-tetrahydro- 1// 3 3//- 
oxepino[3 l ,4 , :6 3 7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5 ,13,1 5-tetrahydro- 
l//,377-oxepino[3^4 f :6,7]indolizino[ 1 ,2-Z>]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9,l l-difluoro-5-hydroxy-4,5 3 13 3 15-tetrahydro-l//,3//- 
oxepino[3' 5 4 , :6 5 7]indolizino[l 5 2-Z?]quinoline-3,l 5-dione; 

- (57?)- 1 2-butyl-5-ethyl-9 3 1 1 -difluoro-5 -hydroxy-4 3 5 , 13,1 5-tetrahydro- IH, 3H- 
oxepino[3 , 3 4':6 3 7]indolizino[ 1 ,2-6]quinoline-3 3 1 5-dione; 

- (5/?)-5 , 1 2-diethyl-9 3 1 1 -difluoro-5-hydroxy-4,5 , 13,1 5-tetrahydro- l//,377- 
oxepino[3' 3 4 , :6 3 7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (5/?)-5-ethyl-5-hydroxy- 1 2-propyl-4,5 ,13,1 5-tetrahydro- 17/, 3/^- 
oxepino[3 , ,4 , :6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

- (5/?)-5-ethyl-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5, 1 3, 1 5-tetrahydro- 1 77,37/- 
oxepino[3 f 3 4 f :6 3 7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

- (57?)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5 , 13,1 5-tetrahydro- 1/7,3/7- 
oxepino[3 f 5 4':6,7]indolizino[ 1 ,2-Z?]quinoline-3 5 1 5-dione; 

- (57?)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 17/,3//- 
oxepino[3 , ,4 , :6,7]indolizino[ 1 ,2-7>]quinoline-3 3 1 5-dione; 

-(5/?)-5-ethyl-5-hydroxy- 1 2-isopentyl-4,5, 1 3,1 5-tetrahydro- l//,377-oxepino 
[3 ! 3 4 ? :6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-12-(4-fluorophenyl)-5-hydro^ 
[3 , ,4 , :6,7]indolizino[ 1 ,2-6]quinoline-3 3 1 5-dione; 

- (57?)- 1 2-(2 3 6-difluorophenyl)-5-ethyl-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 177,37/-oxepino 
[3 , ,4 , :6 3 7]indolizino[l,2-6]quinoline-3,l 5-dione; 



- (57?)- 1 2-(3,5-difluorophenyl)-5-ethyl-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 1 77,3/7- 
oxepino[3 t ,4 t :6,7]indolizino[ 1 5 2-6]quinoline-3 3 1 5-dione; > 
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- (5i?)-5-ethyl-5-hydrox^ 

oxepino[3 f ,4':6,7]indolizino[l,2-/7]quinoline-3,15-dione; 

- (5i?)-5-ethyl-5-hydroxy- 1 2-(2,4,6-trifluorophenyl)-4,5, 1 3,1 5-tetrahydro- 1 //,3//- 
oxepino[3 f ,4':6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-5-hydroxy- 1 2-(2,3,5 ,6-tetrafluorophenyl)-4,5, 1 3,1 5-tetrahydro- 1//,3^- 
oxepino[3 , ,4 , :6 J 7]indolizino[l,2-fe]quinoline-3,l 5-dione; 

- (5/?)-5 -ethyl-5 -hydroxy- 12-(2 3 

oxepino[3 , ,4 , :6 ? 7]indolizino[l 5 2-6]quinoline-3 ? l 5-dione; 

- (5i?)-5-ethyl-9-fluoro- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
l//,3^-oxepino[3 f 5 4 , :6,7]indolizino[l 5 2-6]quinoline-3 s l 5-dione; 

- (5R)- 1 2-(2 3 6-difluorophenyl)-5-ethyl-9-fluoro-5-hydroxy-4 5 5, 1 3, 1 5-tetrahydro- 1H, 3H- 
oxepino[3',4':6,7]indolizino[ 1 ,2-Z>] quinoline-3, 1 5-dione; 

- (5R)- 1 2-(3 5 5-difluorophenyl)-5-ethyl-9-fluoro-5-hydroxy-4,5,l 3, 1 5-tetrahydro- IH, 3H- 
oxepino [3 ? ,4' : 6, 7] indolizino[ 1 ,2-b] quinoline-3 , 1 5 -dione; 

- (5/?)-5-ethyl-9-fluoro-5-hydroxy- 1 2<3,4,5-trifluorophenyl)-4,5, 1 3, 1 5-tetrahydro- 
li/,3//-oxepino[3\4 , :6,7]indolizino[ 1 ,2-6] quinoline-3, 1 5-dione; 

- (5i?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-(2,4,6-trifluorophenyl)-4,5, 1 3, 1 5-tetrahydro- 
1 //,3//-oxepino [3 \4 f : 6,7] indolizino[ 1 ,2-6] quinoline-3 , 1 5 -dione; 

- (5/?)-5-ethyl-9-fluoro-5-hydroxy-12-(2,3,5,6-tetrafluorophenyl)-4,5,l 3,1 5-tetrahydro- 
l/Z^/Z-oxepinofS'^ie^Jindolizinotl^-^quinoline-S,! 5-dione; 

- (57?)-5-ethyl-9-fluoro-5-hydroxy- 12-(2, 3,4,5, 6-pentafluorophenyl)- 

4,5, 1 3, 1 5-tetrahydro- l/Z^/Z-oxepinotS'^'re^Jindolizinot 1 ,2-Z>]quinoline- 
3,1 5-dione; 

- (5/?)-5-ethyl-9, 1 0-difluoro- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
l//,3//-oxepino[3\4 f :6,7]indolizino[ 1 ,2-6]quirioline-3, 1 5-dione; 

- (5R)- 1 2-(2,6-difluorophenyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 
1 //,3//-oxepino[3 f ,4':6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (5Ry 1 2-(3,5-difluorophenyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 
l//,3//-oxepino[3 , ,4':6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 
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- (5*)-5-ethyl-9 5 1 0-difluoro-5-hydroxy-l 2-(3 5 4,5-trifluorophenyl)-4 5 5 3 1 3 5 1 5-tetrahydro- 
l//3//-oxepino[3\4^6 5 7]indolizino[l 5 2-fe]quinoline-3,15-dione; 

- (5i?)-5-ethyl-9 5 l 0-difluoro-5-hydroxy-l 2-(2 5 4,6-trifluorophenyl)- 
4,5,13, 15-tetrahydro-l//,3//-oxepino[3\4^^ 

3,1 5-dione; 

- (5/?)-5-ethyl-9 5 10-difluoro-5-hydroxy-12-(2,3 5 5 J 6-tetrafluorophenyl)- 
4,5, 1 3, 1 5-tetrahydro-l/f,3//-oxepino[3\4':6,7]indolizino[ 1 ,2-fc]quinoline- 
3,15-dione; ^ : 

- (5i?)-5-ethyl-9,10-difluoro 
tetrahydro-l//,3//-oxepino[3\4':6,7]indoh^ 

- (5/?)-5-ethyl-9, 1 1 -difluoro- 1 2-(4-fluorophenyl)-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 
li/,3//-oxepino[3\4^6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)- 1 2-(2,6-difluorophenyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 
li/ 3 3//-oxepino[3\4^6,7]indolizino[ 1 ,2-6]quinoline-3 , 1 5-dione; 

- (5R)- 1 2-(3,5-difluorophenyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 
17/,3//-oxepino[3',4 l :6,7]indolizino[l 5 2-^]quinoline-3,l 5-dione; 

- (5i?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-(3,4,5-trifluorophenyl)- 
4,5,13,15-tetrahydro-l// 5 3^-oxepino[3\4 ! :6,7]indolizino[l,2-Z?]quinoline- 
3,1 5-dione; 

- (5i?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-(2,4,6-trifluorophenyl)- 

4,5, 1 3, 1 5-tetrahydro-l//,3//-oxepino[3 t ,4 , :6,7]indolizino[ 1 ,2-6]quinoline- 
3,1 5-dione; 

- (5i?)-5 -ethyl-9, 1 1 -difluoro-5-hydroxy- 1 2-(2,3 ,5 ,6-tetrafluorophenyl)- 
4,5, 1 3, 1 5-tetrahydro- 17/ 5 3//-oxepino[3',4 , :6,7]indolizino[ 1 ,2-6]quinoline- 
3,1 5-dione; 

- (5i?)-5-ethyl-9,ll-difluoro-5-hydroxy-12-(2,3,4 5 5,6-pentafluorophenyl)- 
4,5, 13,1 5-tetrahydro- li/,3i?-oxepino[3\4':6,7]indolizino[ l,2-6]quinoline- 
3,1 5-dione; 

- (5i?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- l//,3//-oxepino 
[3 ! ,4':6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 
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- (5/?)-5-ethyl-9-fluoro-5-hydroxy-12-Q^ 

li/^^-oxepinotS^^^^jindolizinofl^-^jquinoline-SjlS-dione; 

- (5i?)-5-ethyl-9-fluoro-5-hydroxy-12-is^^ 
[3 , ,4 , :6 J 7]indolizino[l 5 2-6]quinoline-3,15-dione; 

- (5i?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-pentyl-4,5, 1 3,1 5-tetrahydro- li/,3//-oxepino 
[3',4':6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (5/?)-5-ethyl-9-fluoro-5-hydroxy- 1 2-phenethyl-4,5, 1 3, 1 5-tetrahydro- l//,3//-oxepino 
[3',4 , :6,7]indolizino[ 1 ,2-Z>]quinoline-3, 1 5-dione; 

- (5R)- 1 2-decyl-5-ethyl-9-fluoro-5-hydroxy-4 5 5 5 1 3 , 1 5-tetrahydro- IH,3H- 
oxepino[3' J 4 , :6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (5^)-12-(2-cyclohexylethyl)-5-ethyl-9-fluoro-5-hydroxy-4 3 5 3 13 3 15-tetrahydro- 
li/ 3 3 J f/-oxepino[3' 3 4 , :6 3 7]indolizino[l 3 2-6]quinoline-3 3 l 5-dione; 

- (5i?)-12-(3 3 3-dimethylbutyl)-5-ethyl-9-fluoro-5-hydroxy-4 3 5 3 13 3 15-tetrah 
l// 3 3//-oxepino[3' ? 4 t :6 3 7]indolizino[l,2-6]quinoline-3 3 l 5-dione; 

- (57?)-5-ethyl-9 3 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3 3 1 5-tetrahydro- 
l/f 3 3ii/-oxepino[3 ? 3 4 , :6 ? 7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9 3 1 0-difluoro-5 -hydroxy- 1 2-(3 3 3 3 3-trifluoropropyl)-4 3 5 3 1 3, 1 5-tetrahydro- 
l/f 3 3//-oxepino[3' 3 4 I :6 3 7]indolizino[l 3 2-6]quinoline-3 3 l 5-dione; 

- (5i?)-5-ethyl-9 3 10-difluoro-5-hydroxy-12-isopentyl-4 3 5 3 l 3,1 5-tetrahydro- 
li/ 3 3//-oxepino[3 ! 3 4 , :6 3 7]indolizino[ 1 ,2-6]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9 ? 1 O-difluoro-5-hydroxy- 1 2-pentyl-4 3 5 3 1 3 3 1 5-tetrahydro- 
l//,3//-oxepino[3 t 3 4 l :6 3 7]indolizino[l,2-Z?]quinoline-3 3 l 5-dione; 

- (5i?)-5-ethyl-9 3 10-difluoro-5-hydroxy-12-phenethyl-4 3 5 3 13 3 15-tetrah^ 
l// ? 3//-oxepino[3\4':6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (5R)- 1 2-decyl-5-ethyl-9 3 1 0-difluoro-5-hydroxy-4 3 5 3 13,1 5-tetrahydro- 
l//,3//-oxepino[3 l ,4 t :6,7]indolizino[l,2-Z?]quinoline-3 5 l 5-dione; 

- (5R)- 1 2-(2-cyclohexylethyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 
li/,3//-oxepino[3 ! ,4':6 5 7]indolizino[l,2-6]quinoline-3,l 5-dione; 
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- (5R)- 1 2-(3,3-dimethylbutyl)-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5 , 1 3, 1 5-tetrahydro- 
l// 5 3//-oxepino[3 l ,4 , :6,7]indolizino[ 1 ,2-Z>]quinoline-3, 1 5-dione; 

- (5^)-5-ethyl-9 5 1 1 -difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- 
l//,3//-oxepino[3" ) 4 , :6,7]indolizino[l 5 2-6]quinoline-3 J l 5-dione; 

- (5^)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-l 2-(3,3,3-trifluoropropyl)-4,5, 13,1 5-tetrahydro- 
l//,3i^-oxepino[3\4^6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9,l l-difluoro-S-hydroxy-n-isopentyl^^^SJ 5-tetrahydro- 
l//,3//-oxepino[3 ? 5 4':6 5 7]indolizino[l 5 2-Z?]quinoline-3 s l 5-dione; 

- (5i?)-5-ethyl-9,l l-difluoro-5-hydroxy-12-pentyl-4 3 5 J 13,15-tetrahydro- 
l// ? 3i/-oxepino[3 , ,4':6 3 7]indolizino[l 3 2-6]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9, 1 1 -difluoro-5-hydroxy- 1 2-phenethyl-4,5, 13,1 5-tetrahydro- 
l//,3//-oxepino[3 ! ,4 f :6,7]indolizino[l,2-Z7]quinoline-3,l 5-dione; 

- (57?)- 1 2-decyl-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 1 H,3H- 
oxepino[3',4':6,7]indolizino[ 1 ,2-&]quinoline-3, 1 5-dione; 

- (5R)- 1 2-(2-cyclohexylethyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 
l/f,3i/-oxepino[3 l ,4 , :6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

- (5R)- 1 2-(3,3-dimethylbutyl)-5-ethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3, 1 5-tetrahydro- 
li/,3if-oxepino[3 f ,4 f :6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

or of a salt of said product. 

5. Product according to claim 4, characterized in that it is one of the following products: 

-(57?)-12-butyl-5-ethyl-5-hydroxy-4,5,13,15-tetrahydro-l/f,3//- 
oxepino[3 f ,4':6,7]indolizino[l,2-Z?]quinoline-3,l 5-dione; 

- (5/?)-5, 1 2-diethyl-5-hydroxy-4,5 , 13,1 5-tetrahydro- \H,3H- 
oxepino[3 f ,4 ! :6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-5-hydroxy-12-phenyl-4,5,13,15-tetrahydro-l//,3//- 
oxepino[3',4':6,7]indolizino[ 1 ,2-6]quinoline-3, 1 5-dione; 

- (5/?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-phenyl-4,5, 1 3 , 1 5-tetrahydro- 1^,3//- 
oxepino[3 f ,4 f :6,7]indolizino[l 5 2-6]quinoline-3 5 l 5-dione; 
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- (5/?)- 1 2-butyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5 ,13,1 5-tetrahydro- 1 //,3//- 
oxepinotS'^^^Jindolizinotl^-^quinoline-SJS-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5,l 3, 1 5-tetrahydro- 1 H, 3//- 
oxepino[3' 5 4 l :6 5 7]indolizino[l 3 2-Z?]quinoline-3,15-dione; 

- (57?)-5 , 1 2-diethyl-9, 1 0-difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 1 //,3/f- 
oxepino[3 f ,4 f :6,7]indolizino[l,2-fe]quinoline-3 ? 15-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5 -hydroxy- 1 2-(2-trimethylsilylethyl)-4,5, 1 3, 1 5-tetrahydro- 
l// 5 3/f-oxepino[3',4 ! :6,7]indolizino[l 5 2-fe]quinoline-3,15-dione; 

- (57?)-5, 1 2-diethyl-9, 1 1 -difluoro-5-hydroxy-4,5 , 13,1 5-tetrahydro- 1 //,3/f- 
oxepino[3',4':6,7]indolizino[l,2-fe]quinoline-3 5 15-dione; 

- (57?)-5-ethyl-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5 5 1 3,1 5-tetrahydro- 1/7, 3H- 
oxepino[3',4 f :6,7]indolizino[l,2-fc]quinoline-3,15-dione; 

- (57?)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- 177, 3H- 
oxepino[3\4 T :6,7]indolizino[ 1 ,2-Z>]quinoline-3, 1 5-dione; 

- (57?)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5, 1 3 , 1 5-tetrahydro- 1H, 3H- 
oxepino[3 ! ,4 f :6,7]indolizino[ 1 ,2-Z?]quinoline-3, 1 5-dione; 

or of a salt of said product. 

6. Product according to claim 5, characterized in that it is one of the following products 

- (57?)- 1 2-butyl-5-ethyl-5-hydroxy-4,5 ,13,15 -tetrahydro- 1 7/,3/7- 
oxepino[3\4^6,7]indolizino[l,2-7>]quinoline-3,l 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-phenyl-4,5 , 13,1 5-tetrahydro- 1 H y 3H- 
oxepino[3',4':6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 

- (57?)- 1 2-butyl-5-ethyl-9, 1 0-difluoro-5-hydroxy-4,5 , 13,15 -tetrahydro- 1 77,3/7- 
oxepino[3',4 l :6,7]indolizino[ 1 ,2-7>]quinoline-3, 1 5-dione; 

- (57?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-propyl-4,5, 1 3, 1 5-tetrahydro- 177, 377- 
oxepino[3 , ,4 , :6,7]indolizino[ 1 ,2-7>]quinoline-3, 1 5-dione; 

- (57?)-5, 1 2-diethyl-9, 1 0-difluoro-5-hydroxy-4 5 5 ,13,1 5-tetrahydro- 17/,377- 
oxepino[3 , ,4 l :6,7]indolizino[l,2-6]quinoline-3,l 5-dione; 
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- (5i?)-5-ethyl-9, 1 0-difluoro-5-hydroxy- 1 2-(2-trimethylsilylethyl)-4,5, 13,1 5-tetrahydro- 
l//3//-oxepino[3' 5 4 , :6 J 7]indolizino[l J 2-ft]quinoline-3,15-dione; 

- (5R)-5, 1 2-diethyl-9, 1 1 -difluoro-5-hydroxy-4,5, 1 3,1 5-tetrahydro- IH,3H- 
oxepino[3',4 f :6,7]indolizino[l,2-Z>]quinoline-3,15-dione; 

- (5R)- 1 2-butyl-5-ethyl-9-fluoro-5-hydroxy-4,5 s 1 3, 1 5-tetrahydro- IH, 3H- 
oxepino[3',4 ! :6,7]indolizino[l,2-6]quinoline-3,15-dione; 

- (5i?)-5, 1 2-diethyl-9-fluoro-5-hydroxy-4,5, 13,1 5-tetrahydro- 1//, 3//- 
oxepino[3 , ,4 , :6,7]indolizino[l,2-fc]quinoline-3,15-dione; 

or of a salt of said product. 

7. Process for the preparation of a product of general formula (I), 




o 



OH 



(I) 



in which 



R. 

R 2 , R 3 , R 4 and R 5 

R 6 



represents a lower alkyl radical; 

represent, independently, H or a halogen atom; 



represents H, a linear or branched alkyl radical 
containing 1 to 12 carbon atoms, a cycloalkyl, lower 
cycloalkyl alkyl, lower hydroxy alkyl, nitro or 
(CH^SiRyRgR^ radical, or also an aryl, or lower 

aryl alkyl, substituted or non substituted on the aryl 
group, in which the substituent is a lower alkyl, a 
hydroxy group or a halogen atom; 



R 7 , R 8 and R<> 



represent, independently, H or a linear or branched 
alkyl radical containing 1 to 6 carbon atoms; 



m 



is an integer comprised between 0 and 6; 



characterized in that a compound of formula 
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o 

(IV) 

in which R p R 2 , R 3 , R 4 and R 5 have the meaning indicated above, is treated in a 
strongly acid medium in the presence of an iron (III) salt and a precursor of the free 
radical R 6 \ preferably R 6 -CHO, by a solution containing hydroxide or alkoxide radicals. 

5 8. As a medicament, product according to any one of claims 1 to 6, or a 
pharmaceutical^ acceptable salt of said product . 

9. Pharmaceutical composition containing, as active ingredient, at least one compound 
according to one of claims 1 to 6. 

10. Use of a compound according to one of claims 1 to 6 for the preparation of 
10 antitumoral medicaments. 

11. Use of a compound according to one of claims 1 to 6 for the preparation of antiviral 
medicaments. 

12. Use of a compound according to one of claims 1 to 6 for the preparation of 
antiparasitic medicaments. 
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